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I do not know much about gods; but I think that the river
Is a strong brown god—sullen, untamed and intractable.
Patient to some degree, at first recognized as a frontier;
Useful, untrustworthy, as a conveyor of commerce;
Then only a problem confronting the builder of bridges.
The problem once solved, the brown god is almost forgotten
By the dwellers in cities—ever, however, implacable.
Keeping his seasons and rages, destroyer, reminder
Of what men choose to forget. Unhonoured, unpropitiated
By worshippers of the machine, but waiting, watching and waiting.
His rhythm was present in the nursery bedroom,
In the rank ailanthus of the April dooryard,
In the smell of grapes on the autumn table,
And the evening circle in the winter gaslight.
Fragment of "The dry salvages"
T.S.Elliot (1941)
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This research describes the alluvial deposits and Quaternary geomorphic evolution of
the Upper Green River in Kentucky by documenting the nature of flood plain sediments
at two sites along the valley bottom of the Upper Green River between Mammoth Cave
National Park and Green River Lake.
Field methods employed included stratigraphic descriptions of bank exposures and
borings obtained in flood plain surfaces, along with textural and radiocarbon analysis of
sediment samples. Sediment samples from boreholes and bank exposures in two study
sites (Pitman Creek confluence, -PCC- and Upper Green River Biological Preserve -
UGRBP-) were collected and sieved to determine grain size distributions and
stratigraphic patterns. Deposits characterized in the study area are predominantly medium
to coarse silt, reflecting vertical aggradation, underlain by sands and gravels representing
channel deposits associated with lateral channel migration. In collaboration with the
Kentucky Geological Survey, additional boreholes were drilled at both sites using a
Giddings probe.
Stratigraphic sections, radiocarbon dating of buried organic material, and geomorphic
observations suggest the existence of three distinctive geomorphic surfaces at PCC study
site: a Lower Holocene alluvium (LHA), an Early Holocene alluvium (EHA), and a
XI
Dissected Quaternary terraces (DQT). Equivalent LHA, EHA, and DQT units were
recognized downstream at the UGRBP study site. During the Pleistocene and Early
Holocene epochs the Upper Green River experienced periodic entrenchment as evidenced
by terraces preserved in the valley (e.g. DQT unit) followed by a renewed period of
incision and aggradation stages during the Holocene reflected by alluvial units (EHA)
and (LHA).
Based on radiocarbon analysis of in-situ organic material, overbank sedimentation
rates on the LHA surfaces of 2.5 cm/yr at the PCC site and 1.7 cm/yr at UGRBP study
site are estimated for the most recent (-1750-1950 AD) deposits. Radiocarbon analysis of
leaves collected from a layer at the base of an island bank exposure at the UGRBP site
returned a date of 2300 ± 40 yrs BP. This layer is interpreted as remnants of older
deposits incorporated into the modern river alluvium.
An increase in sediment deposition rates in the historical period is consistent with
increasing sediment supply due to land clearance for agriculture. Since no major
Quaternary tectonic activity is reported for the region, it is reasonable to conclude that
climate variability is the primary driver of Quaternary river incision and aggradation that
are responsible for the valley features. The absence of paleosols in the upper 10 m of the
deposits suggests rapid and continuous accumulation of sediment and the lack of stable
conditions for soil development.
This alluvial chronology of the Upper Green River complements the previous work
on the Quaternary environmental and geomorphic evolution of the region. The
contribution of new information about the textural trends and geomorphic characteristics
of the Upper Green River floodplain deposits is useful to understand present-day river
xn
bank stability and sediment loading related to bank erosion. The evidence of accelerated
sedimentation over the last 250 years corroborates the importance of land surface
disturbance during the settlement of the region by non-native peoples.
Key words: Green River, floodplain deposits, radiocarbon, Quaternary
xin
Chapter 1. Introduction
1.1 Overview of Floodplains
Floodplains are the strips of land adjacent to a stream channel and that are subject
to inundation during seasonal floods. Floodplains are composed of the deposits of river
channels, of overbank floods, and of lakes (Bridge 2003, p. 260). The nature of fluvial
deposits, including compositional and textural features and stacking patterns, reflects an
interplay of many processes from the wandering of individual channels across a
floodplain to the long term effects of uplift and subsidence. It is worthwhile to study the
depositional history of floodplains because fluvial deposition is sensitive to tectonic,
climatic and geomorphic variations and thus preserves a signature of the environmental
history of a region (May 1992, Miall 1996).
Floodplain evolution is controlled by several factors including climate, vegetation
type, lithology. topography, and streamflow regime. For instance, characteristics of
fluvial detritus that composes floodplains depends on geology of the source areas from
which the sediments were derived and the weathering to which detritus was subjected
before deposition. Floodplain processes are also susceptible to anthropogenic
modification. For example, deforestation or other changes in land use practices (e.g.
conversion from pasture to cropping) can accelerate soil erosion and increase sediment
supply to river systems, consequently affecting flood plain deposition (e.g. Jacobson and
Coleman, 1986). Therefore, both natural and human factors drive the geomorphic
processes that produce spatial and temporal patterns in sedimentological and
morphological characteristics of floodplains.
The focus of this investigation is the geological history of the floodplain of the
Upper Green River, a tributary of the Ohio River, in order to reconstruct its evolution
during the Pleistocene and Holocene time. The project complements previous work on
the geomorphic history of the region and provides a long-term context for understanding
present-day sediment dynamics in the basin.
1.2 Statement of the Research Problem
Few studies have been carried on either the geomorphology or sedimentology of
the upper part of the Green River, which extends upstream from the confluence with the
Barren River, southeast of Butler County, Kentucky. This research project was designed
to determine a chronological, sedimentological, and stratigraphic differentiation of the
units that compose the alluvium at selected locations along the Upper Green River
Valley. One of the basic goals of this research is to gather new information about the
Upper Green River Quaternary deposits and relate it to previous studies of the alluvial
stratigraphy of the lower Green River and to research on the geologic development of the
Mammoth Cave system. Geologists and archaeologists who have focused on the deposits
associated with Native American sites on the Lower Green (i.e., Big Bend and Little
Bend in Butler County); provide information limited to the last 6000 years. (Morey et al.
2002). Studies of older deposits in the lower river are focused on proglacial impoundment
and aggradation of the relocated Ohio River and its tributaries, (Ray 1974). Studies of
Mammoth Cave passages (e.g.. Granger et al. 2001) have contributed to understanding of
the geologic history of the Green River by relating development of cave levels and fluvial
terraces to periods of river aggradation and entrenchment. Quaternary history of fluvial
erosion and deposition preserved in the narrow upper Green River flood plain however,
has yet to be described in detail or put into broader regional geologic context.
This research documents the texture and estimated ages of fluvial deposits in the
Upper Green River Basin to establish a Quaternary history of floodplain formation. The
study area is limited to the upper part of the Green River between Mammoth Cave
National Park and Green River Lake (Figure 1.1) Stratigraphic sections and radiocarbon
dating (a radiometric technique to calculate absolute age in a range of the last 50,000
years) are used to correlate strata that comprise the flood plain at two locations, and to
interpret these depositional units in the context of previous work related to the
geomorphic history of the river system. Given the evidence from other floodplain studies,
pronounced changes in sediment delivery and alluvial deposition on the Green River may
have been triggered by human activities, particularly land clearance for agriculture
(Tobin 2007). The current research provides additional data for inferring the Quaternary
geomorphic history of the region and improves our understanding of both ancient and
more recent patterns and rates of fluvial sedimentation, thereby establishing a valuable
historical context for modern soil conservation efforts in the Upper Green River Basin.
Kentucky
General Study Location
Upper Green River Basin
Designer: Juan Herrera
Source: ESRIDaia
N
A
Figure 1.1 Upper Green River Basin. Data downloaded from Environmental Systems Research
Institute. Map by author.
Chapter 2. Previous Research
2.1 General controls on flood plain sedimentation
Fluvial sedimentation varies with channel pattern (i.e., braided vs. meandering)
and depends on channel size, gradient, and flow rate (which together determine sediment
transport capacity), and on the supply of sediment from the catchment. Climate and
tectonics are also intimately linked to sedimentation. Climatic changes can produce
variation in sediment yield. Sediment supply to channels will vary based on the intensity
of chemical and physical weathering and rates of soil and bed rock erosion, which are
directly related to annual rainfall, temperature, and seasonality. Additionally, extrabasinal
tectonism is responsible for supplying generally coarse material to proximal portions of
fluvial systems. For instance, isostatic readjustments were presumably responsible for
producing sandstone or conglomeratic intervals separated by overbank mudstone in the
Cloverly Formation, of the Wind River Basin Wyoming (May 1992, p. 61-73). Also,
intrabasinal tectonism can alter sediment supply in the medial and distal parts of fluvial
settings by uplift or tilting that is reflected in variations in strata thickness of the fluvial
record (Schumm 1986, p. 80-94). Hence, tectonic activity can expose areas to erosion by
increasing relief, modify sediment deposition by controlling geometry, shape and
accommodation space of fluvial basins or promote deposition within zones of subsidence
(e.g. 'pull-apart basins' formed by strike- slip faulting) (Einsele et al., 1991). Finally,
patterns of sediment erosion and delivery to channels can be affected by inherent
geomorphic thresholds associated with progressive development of the drainage system
(Schumm 1977, May 1992).
8Fluvial sediment transport can occur as bedload, defined as coarse sediment
transported by sliding, rolling and saltation along the channel bed, or as suspended load,
defined as relatively fine sediment carried within water column and maintained in
suspension by fluid turbulence. Dissolved load is another transport mechanism that can
be significant, especially in karst regions. The principal controls of the amount of
sediment a river can carry (sediment transport capacity) are the velocity and shear force
of the flow, and size, shape and density of the sediment particles. Flow competence,
defined as the largest particle diameter that the stream is capable of transporting, is
similarly related to flow strength and grain shape and density (Boggs 2006, p. 22). All of
these variables involved in sediment supply and sediment transport dynamics will govern
the volume, texture, sedimentary structure and spatial distribution of the fluvial deposits.
Most alluvial deposits can be assigned to one of two broad fluvial environments:
alluvial fans and river valleys (Boggs, 2006, p. 246).These two types of environments are
interrelated and overlapping. Sediments can be deposited in a variety of subenvironments
within the suspended load dominant river valley system, including deltas, flood plains,
active channel bars, backswamps, oxbow lakes, and natural levees (Figures 2.1 and 2.2).
9flood basin
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Figure 2.1 Major geometrical features and subenvironments of flood
plains. From Bridge, 2003.
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Figure 2.2 Subsurface expressions of flood plain deposits. From Reading, 1976.
To understand floodplains it is necessary to understand water flow, sediment
transport and the geological and environmental controls on patterns of sediment supply
and sedimentation (Bridge 2003, p. 261). There have been many experimental studies
reproducing sediment transport and patterns of flow in the laboratory, (e.g., Sellin 1964,
Hughes and Lewin 1982, Bennett and Bridge 1995, De Chant 2004) However, these
10
studies only apply to fluvial settings with simple channel and floodplain geometries.
Depositional models based on laboratory experiments lack reliability since it is not
always possible to reproduce all of the variables that control such deposition.
Furthermore, they are necessarily restricted in terms of spatial and temporal scales.
Therefore, field data are required to get information on real-world systems, either to
characterize a particular depositional system or to evaluate a model of fluvial deposition.
Floodplain strata are principally formed by channel and overbank deposition.
Channel deposits occurring within floodplains are generally coarse sediments that form
by lateral accretion, a process that occurs when channels migrate sideways by bank
erosion and deposit alluvial material to form bank-attached macroforms (e.g., point bars
Figure 2.3) Avulsion, the relatively abrupt shift of a channel from one location to another
on the floodplain surface (typically in favor of a steeper gradient); can lead to formation
of channel-fill deposits. These deposits are recognizable as lenticular bodies (concave-
upward) with erosional bases and flat tops associated with filling of abandoned channels.
11
Figure 2.3 Point bar succession in the Wabash River.
Showing from bottom-up: channel lag deposition, sand in through cross
strata, massive mud, scale in m. From, Miall 1996.
Overbank deposits form when a stream floods and overtops its banks. Deposition
from overbank waters results in upbuilding of the sediment surface and is thus called
vertical accretion. Overbank deposits commonly exhibit a pattern showing the finest
grain size deposits farther from the main channel. This pattern is related to the basic
principle that the more rapidly water is moving, the larger the particles it can hold in
suspension and the farther it can transport those particles. Experimental studies and field
based research have shown that overbank flow velocity in the alluvial plain diminishes
away from channel margin (Bridge 2003, Figure 2.4).
12
Velocity (cm/s) .
Figure 2.4 Model of flow over floodplains based on laboratory study.
After Sellin 1964.
Rapid flow deceleration and decreasing turbulence intensities near the margins of
channels generally result in the greatest deposition rates of the coarse sediment adjacent
to these margins, forming natural levees (low ridges of coarse-grain deposits extending
for hundreds of meters away from the banks, Ritter et al. 2002). High rates of overbank
deposition also occur in zones of flow deceleration such as flood plain lakes and
abandoned channels. Crevasse splays (lobe-shape mounds of coarse sediment, Bridge
2003) are other common deposits formed along margin of the channel in floodplains via
episodic flooding.
The Mississippi River valley has become a standard for interpreting floodplain
deposits of fine-grain meandering rivers (Fisk 1944, Asian and Autin 1999). Studies on
the lower Mississippi valley suggest however, that avulsion rather than simple overbank
deposition, contributes to the construction of fme-grained floodplain to a greater degree
than generally recognized (Asian and Autin ibid). Their study in Ferriday, Louisiana,
showed that most of the fine-grained sediments are deposited rapidly in regional
13
floodplain depressions during episodes of crevassing and avulsion. Because these
processes deposit sediments on the floodplain at virtually all stages of trunk channel flow,
the sediments accumulate continuously rather than during infrequent floods, in contrast
with the classical model of overbank deposition of Sellin (1964).
According to Bridge 2003, deposition on any scale ultimately depends upon a
supply of sediment. The tendency toward either aggradation (the building up of sediment
in unoccupied spaces) or erosion of valley deposits will be controlled by the relation
between sediment production rate (supply) and sediment transport rate. For instance,
aggradation can be the result of a decrease in sediment transport rate and/or an increase in
sediment supply (which can be triggered by tectonic forcing or climate change). On the
other hand, erosion of valley deposits could be caused by a rise in transport capacity,
and/or a lowering in sediment supply (which could be also associated with climate,
tectonic events or base-level changes).
Tectonics and climate directly or indirectly control sediment supply and sediment
transport capacity. Sediment supply and channel erosion processes are directly influenced
by precipitation rates which control runoff and hillslope erosion. Variations in climate
can also lead to vegetation changes that impact the discharge of rivers and hillslope
sediment production, thereby modifying erosion or deposition rates. For instance, a
regional drought associated with the Medieval Warm Period (MWP, 1200-800 yr BP)
was associated with groundcover reduction, increasing runoff, and channel incision on
the Central Great Plains USA, (Daniels and Knox 2005). Tectonic activity also can affect
transport capacity, sediment supply, and the process of fluvial sedimentation. For
example, periodic activity along a fault crossing a river valley may result in a local
14
change in valley slope, river diversion and change in channel pattern over a period of
centuries (Bridge, 2003). Uplifting or subsidence phenomena can impact valley
aggradation or erosion episodes; tectonic subsidence can generate accommodation space
for sediment deposition, whereas, a tectonic uplift can generate incision due to a relative
base-level fall.
2.1.1 Alluvial records of environmental change
Fluvial terraces are a distinctive geomorphologic expression of the changes in
environmental factors that control the local sediment balance. Alluvial terraces are fluvial
landforms flanking river valleys parallel to a stream channel and are above stream level.
Fluvial terraces represent remnants of abandoned floodplains. They are formed by
incision of the river into valley deposits due to changes in sediment supply relative to
transport capacity (Bridge, 2003). Terrace geometry and dimensions can provide insights
about the magnitude of river erosion and the direction of the lateral channel migration.
The number and relative positions of terraces juxtaposed in a river system can indicate
the history of periods of incision and deposition. One can make inferences about the
effects of climate and tectonic factors over a geographical region by interpreting
sedimentary features, grain-size, and thickness of the strata, soil development, and
mineralogical composition in the vertical record of alluvial terraces. These inferences
often can be supported with evidence from other local and regional alluvial stratigraphic
records, or geochronologic and paleoclimatic studies. Dating of terrace surfaces or buried
floodplain soils can help to establish a detailed chronology of alluviation and provides
insights about the effects of climate in alluvial settings.
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Several studies have documented how environmental variability is recorded in the
fluvial sedimentary record, although few examples exist concerning the alluvial
stratigraphy and chronology of rivers in the Interior Low Plateaus of the United States.
Waters and Ravesloot (2000) documented the stratigraphy and geochronology of the
terraces along the Middle Gila River in Arizona (Figure 2.5). Trenches excavated in three
different terraces and the modern floodplain shows that during the late Pleistocene, the
Gila River was competent to carry coarse sediment loads. Later, deposition of sand and
gravel during the first part of the Holocene implies an increase in sediment yield from
upstream watersheds. Changes in grain sizes and soil formation during the last 4000 years
reflect the response of the river to climatic perturbations, the timing of large floods,
internal landscape thresholds, and human impacts. For instance, the authors suggest that
after a period of extended flood plain aggradation, the channel of the Gila River downcut
and widened around 950-800 yr B.P. This event correlates with a wet climatic episode
documented in Arizona (Davis, 1994). In a similar study, Nordt (2004) used eighteen
cutbank exposures and six backhoe pits to identify six unconformity bounded alluvial
stratigraphic units in two paleoterraces and the modern flood plain of Cowhouse Creek in
central Texas. Radiocarbon ages for those deposits ranged from 11.000 yr B.P. to 600 yr
BP. The radiocarbon analysis allowed Nordt to track the different incision and
aggradation episodes of Cowhouse Creek and relate them with climatic fluctuations
through the Holocene, based on his interpretation of grain size variations and soil
formation (Figure 2.6).
a ca 18000 to 5000a*yrHP b cj SOOOloPOOOcalyrRP
C ca. 2000 lo 800 950cjJyrBP
Orchard pjlomirt
Uni 111
d ca 900 950 cjt yr B P
l.n- III Uml VI
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Figure 2.5 Incision and aggradation model for the Gila River Arizona. From Waters and Ravesloot
2001.
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Figure 2.6 Late Quaternary schematic alluvial stratigraphic cross section of the
Cowhouse Creek valley. After Nordt 2004.
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Overbank floodplain sedimentation rates can be increased by human activity.
Research by Knox (1987) in the Upper Mississippi River valley revealed that post-
settlement sedimentation rates of 0.3 to 5cm/yr greatly exceeded the average Holocene
pre-settlement vertical accretion rate of 0.02 cm/yr. This difference was due to poor
agricultural management and an increase in average growing season rainfall; after 1920
sediment deposition rates decreased in response to better land management (ibid).
Investigations conducted in other places in the world describe fluvial deposits at
sites of early human occupation. For instance, Mozzi et al. (2000) conducted an alluvial
stratigraphy and sedimentology of terrace deposits in the Tagus River, (Alpiarca
Portugal), which contain important and partially excavated Paleolithic archeological sites.
They recognized two main stratigraphic units, separated by an important unconformity.
The lower gravel unit exhibited intercalation of medium to coarse channel gravel deposits
organized in tabular bodies, probably laid down by lateral bar deposition in low sinuosity
channels. The overlying sand unit consists of tabular sandy channel deposits and
overbank fines. The overbank deposits represent vertical flood plain aggradation and
contain paleosols and backswamp deposits showing a general aggrading trend with
varying rates. This unit was also deposited by low-sinuosity channels with limited lateral
accretion. The sedimentary succession they described was dated by using optically
stimulated luminescence (OSL), to determine the period of time that elapsed since
sediment was exposed to daylight. Ages ranged between 150,000 and 70.000 yr B.P. The
authors concluded that the upper sandy unit included sediments of the last interglacial age
deposited under a temperate climate (120,000 yr B.P.). They also argued that the
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unconformity between the two units marks the adaptation of the fluvial depositional
system to changing climate and eustatic conditions at the onset of the last interglaciation.
Floodplain deposits may contain paleosols; preserved older soils, buried in the
vertical record. Soils in flood plains are formed in periods of inactive or low alluvial
sedimentation rate. During high floods these soils may become buried and confined by
loamy and sandy facies of the flood plain alluvium. Paleosols commonly alternate in
vertical succession with overbank deposits (Aleksandrovsky et. al. 2004). The color and
texture of paleosols can indicate water content and temperature conditions present when
the soil was formed. Therefore, paleosols are indicators of paleoclimatic conditions. The
least mature paleosols are associated with relatively coarse sediment deposited at higher
rates on levees and crevasse splays close to the main channel. Buried soils can be related
to environmental and human history because within these soils one can find evidence of
different vegetation types and human artifacts that may be indicative of a certain geologic
or archeological period, allowing one to reconstruct paleoenvironments and ancient
human settlements. Paleosols can also be a source of organic material for radiocarbon
analysis, allowing dating of these horizons from Late Quaternary alluvial deposits.
2.2 Regional Quaternary climate history and fluvial response
In the mid-continent area of the United States, Quaternary time was characterized
by successive advances and recessions of glacial ice sheets. Major glaciations, of which
four are traditionally recognized -Nebraskan, Kansan, Illinoian, and Wisconsinian, were
separated by three interglacial intervals-Aftonian, Yarmouth, and Sangamon. Each event
left indelible marks of its presence. Along the Ohio River valley, which roughly follows
the southern limit of Quaternary glaciation had a dramatic influence on the landscape,
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reconfiguring regional drainage patterns and influencing the geomorphic evolution of the
landscape in both glaciated and ice-free areas (Thornbury 1965, p. 206- 210).
The geomorphic history of the Green River is intimately related to that of the
Ohio River, which controls the regional base level for stream gradation (Ray 1974). The
influence of Pleistocene ice sheets on the Ohio River and its north-flowing tributaries
beyond the ice sheet margin has been pointed out by several authors (e.g. Granger et al.
2001). The effects of glaciations on Ohio River tributaries, including the Green River, are
recorded as episodes of aggradation (deposition) and incision (erosion) in the fluvial
deposits. Probably the greatest modifications to the drainage pattern resulted from
proglacial blockage of drainage channels by advancing Nebraskan ice sheets. This caused
proglacial ponding of outwash and runoff from ice-free regions to the south of the glacial
front (Ray 1974). These periods of impoundment were accompanied by sedimentation in
the affected river valleys, including Lower Green River (Andrews et al. 2006). These
deposits are preserved as high elevation "lacustrine" terraces along the Ohio River valley
at tributary confluences and also episodes of erosion and soil development accompanying
the Late Quaternary deposition in the Lower Green River Valley (Figure 2.7).
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close to the mouth of the Green River.
2.3 Local alluvial history
The Upper Green River Basin (UGRB) is defined by the confluence of the Barren
and Green Rivers in Butler County, which forms a natural boundary between the lower
and the Upper Green River Basin. The structural and geological setting of the study area
can be briefly described as follows. The upper part of the Green River Basin is on the
west flank of the Cincinnati Arch, a broad anticlinal structure that extends northeastward
from central Tennessee (Nashville Dome) through central Kentucky toward Cincinnati,
Ohio (Van Arsdale and Sergeant 1987). No major fault system appears to control the
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river in this area; furthermore, no tectonic activity has been recognized yet in this area
during the Quaternary Period. For most of its extent, the Upper Green River flows
through the physiographic region known as the Mississippian Plateaus, a broad, arcuate
belt around Western Coal Field that extends eastward to the Pottsville Escarpment.
(Figure 2.8) The region consists of two principal parts. To the west side of the
Pennyroyal plateau is the Dripping Springs Escarpment, an east and south facing ridge
generally capped by the Big Clifty Sandstone Member of the (Chesterian, late
Mississippian -320 Ma) Golconda Formation. The outer, eastern part is a broad plain of
low relief, with karst development (overlying Meramecian late Mississipian St. Louis and
Ste. Genevieve Limestones, (Sable and Dever 1990) (Figure 2.9). These two late
Mississippian units (-320 Ma) along with Fort Payne Formation and Salem and Warsaw
Formations (early Mississippian -350 Ma) comprise the main surficial geology at the two
survey sites (PCC and UGRBP).
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Figure 2.8 Physiographic map of Kentucky. From Kentucky Geological Survey
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TYPE OF LANO SURFACE
Figure 2.9 Main Mississippian units in the study area. From Palmer, 1982.
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2.3.1 Sedimentary research on the Green River
Geological and archeological information has been developed for parts of the
lower basin (Stein 1980) and research on the evolution of the Mammoth Cave system in
relation to Green River incision has been conducted (Granger et al. 2001). However,
studies on alluvial history for the UGR are still lacking. The following paragraphs
summarize what we know about the history of erosion and sedimentation on the Green
River.
Miotke and Palmer (1972) argued that major cave levels in the Mammoth Cave
system were formed as the entrenching Green River temporarily ceased incision at
particular elevations for extended periods of time. Therefore, the largest cave passages
are correlated with terraces in the river valley. They correlated six terraces with passages
and canyons in Mammoth Cave National Park. Those terraces above 198 m formed
during the early Pleistocene, and those below elevations of 168 m are mainly from the
late Pleistocene (Illinoian) and Holocene time. Their assumption about the age of
deposits is drawn from comparison with previous qualitative studies (Ray 1965). Support
for their conclusions is further added by Schmidt (1982) who developed a
magnetostratigraphy of sediments in Mammoth Cave. He found a reversed magnetozone
extending from 168 to 200 m. He interpreted the deposits laid at 168 m as 730,000 years
in age. Sediments in passages at higher elevations are older, and those in the highest cave
passages within the park were estimated to be at least 900,000 years old and possibly
closer to 2 million years old (Schmidt 1982).
Granger et al. (2001) developed a fluvial chronology of Green River incision by
dating quartzose sediments at the various levels in Mammoth Cave using cosmogenic
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26Al and Be. (Figure 2.10) They related the evolution of the cave to the erosional
history of the Upper Green River and Pliocene-Pleistocene climatic variations. Seven
episodes of aggradation and incision of the Green River at different times are interpreted
in Mammoth Cave starting at 3.5 million years B.P. The authors refined the work of
Miotke and Palmer (1972) and inferred a correlation of some passages with paleoterraces
described by Ray (1996). Their analysis based on cosmogenic isotopes revealed a higher
geochronologic range for some deposits that had been found before using
magnetostratigraphic methods by Schmidt (1982).
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Ray (1996) analyzed the evolution of the karst erosion surface in the Mammoth
Cave region. Based on the interpretation of the valley landforms, he defined two principal
surfaces. The youngest and best defined is a strath (terraces formed when the river incises
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bedrock) located at 580-650 feet elevation (175-200 m), marked by dissected terrace
deposits on the karst plain. The oldest and highest regional surface occurs at 980-1040
feet (300-315 m). This upland surface corresponds to the conceptual Lexington or
Highland Rim Peneplain (Powell 1964). It has a thick regolith and contains local
channels of well-rounded exotic gravels and cobbles. Ray concluded that the karst plain
in the Mammoth Cave region was formed primarily via fluvial planation by the Green
River and its tributaries during the Tertiary. He also stated that the major part of the
sinkhole plain east of Mammoth Cave lays between 300 m (the Highland Rim surface)
and 175 m (the Green River Strath) in two major erosional surfaces (215-220 m and 245-
250 m). The Green River Strath at 580-650 ft (175-200 m) described by Ray 1996 is
correlative in elevation and geomorphic position to the Blue River Strath in southern
Indiana (Powell 1964). The elevation of the Green River Strath also equals that of cave
level "B" (179-188 m) in Mammoth Cave as described by Miotke and Palmer (1972), a
level which includes the main cave and Gothic, Thomas and Dyer Avenues (Figure 2.11).
Based on magnetostratigraphy of cave sediments at Mammoth Cave from Schmidt 1982
(0.7-1.6 ma), Ray concluded that the Green River Strath is Plio-Pleistocene in age.
Nevertheless, data obtained by Granger et al. (2001) suggest a much older age for cave
level "B" ranging from 1.87 Ma to 2.50 Ma at similar elevations. Therefore, strath
surface at 175-200 m mapped by Ray (1996) could be as old as 1.8 Ma.
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Figure 2.11 Elevations of Passages at Crystal Cave. From Miotke and Palmer, 1972.
Stein (1980) contributed to our understanding of the geomorphic history of the
Green River in a study of the formation of the Carlston Annis shell mound on the Green
River in the region of Butler County. Sedimentological and geomorphologic analysis of
the deposits identified six stratigraphic units: three natural (lake deposits, river silts, and
colluviums) and three cultural (shell midden, shell-free midden, and historic deposits). A
significant advance of this research was to establish that the channel features in the upper
and the lower portions of the Green River differ drastically. The upper Green River
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maintains a wide and shallow channel composed of sand and gravel flowing in a narrow
valley. The lower Green River's channel is deep and narrow flowing into a wide flood
plain and supporting steep banks made of sandy silt, interpreted as lacustrine deposits
formed by proglacial drainage impoundment (Figure 2.12). Another important advance
from a geomorphic point of view is the inference that the river at the Carleston Annis site
migrated only 10-20 m between 12000 and 4000 years ago. At 4000 years B.P. the river
was adjacent to the mound and since that time the river's migration rate has accelerated,
moving an additional 100 m to its present location. The acceleration, according to
Wolman (1967), could be related to the increased sediment runoff as result of modern
vegetation clearance and agricultural practices. This change in channel behavior could be
confirmed by finding similar evidence in the Upper Green River. Morey et al. (2002)
conducted a similar analysis to that of Stein (1980) on the alluvial valley of the Green
River at Indian Knoll in Ohio and Muhlenberg Counties in west-central Kentucky.
Although this study is in the lower part of the Green River, it gives some idea of the
alluvial history of the Green River basin and offers estimated radiocarbon ages for mussel
shells ranging from 5590 to 4530 B.P., at a depth of 53-100 cm below the surface. It
appears from the radiocarbon determinations that the primary shell accumulation was
most intense from approximately 5600 to 4600 yr B.P. and that the true length of the shell
accumulation period is probably more on the order of 400 - 500 years within this
maximum 1000-year interval. This chronological datum suggests an average net
deposition rate of 50 cm/ 4600 yr, or 1.1 cm per 100 years since the end of the shell
accumulation period.
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Although previous work provides significant information related to the
geomorphic history of the Upper Green River, we still lack a detailed alluvial chronology
for Quaternary valley deposits. Moreover, we know relatively little about how flood
plains along entrenched meandering rivers are formed, and about rates of valley
aggradation in relation to climatic forcing and anthropogenic landscape disturbance in
this region. A sedimentary study analyzing the deposits of the flood plain in the Upper
Green River will support conclusions about the relative influence of climate and landuse
in causing changes in alluvial activity and rates of deposition. It will also be important for
understanding the role that the late Pleistocene and Holocene sediment deposits play in
present day valley geomorphology and sediment dynamics.
Chapter 3. Study Sites and Research Methodology
3.1 Research objectives
The primary goal of this thesis project is to define and characterize the
sedimentary deposits along the narrow floodplain of the Upper Green River in order to
reconstruct its alluvial history for the Quaternary time period. This goal was
accomplished by documenting the nature of floodplain sediments at two sites along the
valley bottom of the Upper Green River between Mammoth Cave National Park and
Green River Lake (Figure 3.1) Field methods employed included stratigraphic
descriptions of bank exposures and borings obtained in floodplain surfaces, along with
textural and radiocarbon analysis of sediment samples.
3.2 Field Research Plan and Study Sites
The field approach primarily consisted of directly sampling the floodplain
material by augering because of the lack of suitable bank exposures or well logs for the
proposed study sites. Criteria for selecting sites included geomorphic factors related to
the configuration and representativeness of valley floor deposits as well as logistic
reasons of accessibility and permission to access the properties. In addition, canoe survey
trips were used to identify bank exposures suitable for sampling. The analysis of alluvial
deposits focused on two areas on the Upper Green River: an upstream site at the
confluence of Pitman Creek with the Green River in Green County (Pitman Creek
Confluence, or PCC) and a downstream area within and adjacent to the Western
Kentucky University Upper Green River Biological Preserve in Hart County (UGRBP),
(Figure 3.1). At the upstream PCC site (Figures 3.2 and 3.3), samples were also collected
at two nearby complementary sites including a water-quality monitoring station on Big
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Pitman Creek 3.5 km upstream from the Green River, and an island bank exposure in
Penitentiary Bend on the Green River in Taylor County (Figure 3.4). At the UGRBP site,
samples were collected from two distinct areas of the valley bottom and from two island
bank exposures between the biological preserve and Mammoth Cave Park.
By characterizing the floodplain sediment at the two sampling sites chosen, it was
possible to look for differences and similarities in the alluvial deposits and to document
vertical deposition trends in the alluvial record. Transects of boreholes and physical
characterization of sediment samples from these boreholes and the bank exposures
allowed to define a stacking pattern of the deposits, quantify grain-size distribution, and
note features such as color, compactness and water-table level. Layers containing organic
material were sampled for radiocarbon analysis to develop a chronology of deposition.
These field and laboratory methods are described in more detail later in this chapter.
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Figure 3.1 Study area and sampling sites. Data downloaded from Environmental Systems Research
Institute. Map by author.
3.2.1 Pitman Creek Confluence Site (PCC)
In this region, the Green River exhibits a three-lobed compound meander loop
with a maximum flood plain width of approximately 500 m. The valley of the Upper
Green is similarly sinuous, reflecting the entrenched meandering pattern resulting from a
history of relatively rapid river incision (Figure 3.2). Local relief between the valley floor
and upland surfaces at the PPC site is 60 m. The valley characterized by gentle slopes and
dissected terraces on the west side (Figure 3.3) and steeper on the east side. Karst
topography on this part of the river is weakly developed presumably due to the less
soluble nature of the underlying rocks (e.g., siliciclastic rocks of the Fort Payne
Formation). The surficial geology of the site is dominated by Mississippian rocks
including the Saint Louis limestone (-320 Ma), and the underlying Fort Payne Formation
composed mostly of drab gray siliceous dolostone and dolosiltite, crinoidal limestone and
chert, with lesser siltstone and shale, and locally thick sandstone.(Late Mississippian age,
- 350 ma) (Sable and Dever, 1990). Undifferentiated Quaternary alluvium reposes in
unconformable contact over these two units.
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Figure 3.2 Transect of boreholes along floodplain at PCC study site.
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Figure 3.3 Flood plain at PCC study site. View looking westward from the Green River.
A stream flow monitoring station 3.5 km upstream of the confluence was
established in 2005 on Big Pitman Creek (PS). Samples from the floodplain at this site
were collected in order to explore the relationship between these tributary deposits and
those of the Green River. The borehole drilled on this site is 25 m perpendicular to the
right bank of the stream at an elevation of 164.5 m. The island bank exposure within
Penitentiary Bend is located 5 km west of Green River Lake Dam and approximately 40
km upriver from the Pitman Creek confluence site, on the boundary of Green and Taylor
Counties (Figure 3.4). The Island is 5.2 m high and ~ 832 m long and is on the outside of
the river bend. The sampling site is in the mid point of the left bank of the island. This is
the site of active bank erosion, making a good exposure of the alluvial stratigraphy of the
island.
Penitentiary Bend Island
Figure 3.4 Sampling site at Penitentiary Bend island bank exposure.
3.2.2 Upper Green River Biological Preserve Site (UGRBP)
The UGRBP sampling site is in Hart County about 9 km west of Munfordville.
The floodplain surfaces along the river are fairly narrow (-150 m) and are bounded by
dissected upland terrace surfaces on the inside of river bends. (Figures 3.5, 3.6). Valley
walls opposite the floodplain surfaces are steep, with relief exceeding 100 m on the
outside of the river bends (Figure 3.7) the dominant surficial geology is represented on
this site by St. Genevieve Limestone (Upper Mississippian) composed principally of
carbonate rocks: light colored, medium to coarse grained, oolitic and bioclastic
calcarenite, light-colored to gray, bioclastic calcirudite; gray calcilutite and gray very
finely crystalline dolomite. The Girkin Formation appears in conformable contact
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overlying the Ste. Genevieve. The Girkin Formation consists principally of limestone,
shale and siltstone. (Sable and Dever 1990) The Big Cliffy sandstone member of
Golconda Formation is the third Upper Mississippian unit cropping out in the study site.
It is composed of sandstone and shale sometimes interbedded, with the sandstone, in
conformable contact over The Girkin Formation (Figure 3.8). The Quaternary alluvium is
narrower and thinner than the upstream site reaching from 4.5 m up to 15.5 m thick in the
UGRBP site. Two island bank exposures that complement the survey in UGRBP site are;
Bush Island 1 km downstream of the WKU preserve. The island has a length of- 448 m,
and ~ 6 m height. The second island sampled (352 m long and 7 m height) is 880 m
downstream from Bush Island, both islands are isolated from the flood plain in the inside
bend, or south side of the Green River (Figure 3.5).
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Figure 3.5 Distribution of boreholes at the UGRBP study site.
Figure 3.6 Flood plain at UGRBP study site, close to Borehole Bio Pr 1.
Figure 3.7North bank of the Green River at UGRBP and exposure
Ste Genevieve Limestone. Note the steepness of the bank and valley wall.
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Figure 3.8 Main Mississippian geological units composing the study sites. Geology data downloaded
from the Kentucky Geological survey. Refer to figure 2.9 for additional lithological and stratigraphic
detail.
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3.3 Field Data Collection
3.3.1 Flood plain borings and samples
The primary sampling method consisted of hand auger borings in the flood plain
of the two studied sites using a soil auger. Boreholes were 10 cm in diameter and
obtained a maximum depth up to 5.1 m using four extensions. The depth was limited by
soil compaction or the presence of coarse grained materials in some cases. At each
borehole a minimum of four samples was collected starting at 40 cm depth to define the
vertical variation in sediment composition. Sediment samples were taken from the auger
bit at depths of approximately 0.4, 1.5, 2.7, 3.8 and 4.5 m. These depths were chosen to
keep a record of the type of sediment found at top and bottom of each borehole, and to
define any vertical changes that might occur in the character of the sediment (Figures 3.9
and 3.10).Visual observations of color, compactness, and field assessment of texture for
characterizing grain size made during coring were the basis for selecting sediment
samples within the vertical profile at each borehole.
Figure 3.9 Hand soil augering method.
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Figure 3.10 Coarse material encountered at the bottom
of a borehole at PCC site. Length of the scale card is 10cm.
In addition, six samples of organic material one from PCC site, and five from
UGRBP site (three of them from the two islands associated with UGRBP study area were
collected and sent to Beta Analytic. Inc. for radiocarbon analysis (Table 4.3). A total of
seventy-eight sediment samples from eighteen boreholes and six radiocarbon samples
were collected for analysis.
At PCC the site (including the Big Pitman Creek monitoring station) seven
boreholes were unevenly spaced at PCC floodplain trying to follow a perpendicular
transects to the river in the valley when possible or just parallel to the direction of the
Green River. Boreholes spread from 12 m of the left bank of the Green River to 800 m
away from the edge of the same bank (Figure 3.2). A sum of 28 samples was collected at
PCC site.
Eight boreholes augered within the UGRBP site in the WKU Biological Preserve
terrain, three more at Johnston's farm, the neighbor property in the north side of the river
bend down stream, and two bank exposures between the UGRBP and Mammoth Cave
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Park. These borings constituted the sediment sampling at the UGRBP site (Figure 3.5). A
total of fifty sediment samples were collected at UGRBP site.
Reference points and borehole locations at the study sites were geo-referenced
using a Global Positioning System (GPS) unit. Elevations of the borehole locations were
estimated from GPS readings and topographic maps, and relative elevations of the points
were surveyed with a total station and survey prism. Digital pictures were taken to
illustrate the surveyed sites, the principal morphological features of the floodplain, and
the physical aspects of deposits.
In collaboration with the Kentucky Geological Survey Henderson Field Office,
additional boreholes were drilled at both sites using a Giddings probe, allowing deeper
penetration of the alluvium (up to 10 m). These borings facilitated general description of
the textural stratigraphy to compare to the hand auger borings, and provided estimates of
the depth to bedrock or impenetrable coarse material. The Gidding soil auger is a trailer-
mounted hydraulic driven coring/drilling system with a rotary head. Four foot core
segments can be obtained by pushing hollow core cylinders into the alluvium, and auger
cuttings may also be sampled when coring is not possible due to hole collapse or coarse
materials. Cores collected with the Giddings probe were retained for future analysis
(Figure 3.11).
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Figure 3.11 Kentucky Geological Survey drilling with Giddings
Probe at PCC study site.
3.3.2 Description and sampling of bank exposures
Three island bank exposures were characterized along the general study area of
the Upper Green River (Bush Island. Second Island (UGRBP) site and Penitentiary Bend
Island (PCC site). Sediment samples were collected at different elevations along the bank
exposures. Sedimentologic characterization of island bank exposures was more valuable
than boreholes dug in the flood plain for documenting primary or secondary sediment
structures, fining and coarsening upward successions, and to examine the geometry,
lateral extension and thickness of the strata. Bank exposures were optimal places for
sampling of organic material because it was easier to observe the lateral extent of the
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material and thus determine if organic matter was associated with a distinct stratum (i.e.
paleosols) or was a minor constituent of alluvial deposits (Figure 3.12).
Figure 3.12 Organic matter in fluvial deposits. Bush Island
bank exposure.
3.4. Laboratory Analysis
3.4.1. Grain size analysis
Samples were sieved to characterize the grain-size distributions. Representative
sub-samples (~200g) were wet-sieved to remove the silt and clay (< 63 urn) fraction
before dry-sieving the coarse fraction. The dry weights of the sample before and after
wet-sieving were recorded to determine the mass of the fine material removed. Samples
were dried overnight at 105°C. The remaining sand and gravel fractions were sieved at
0.5 phi (O) intervals, and the sample portion retained by each sieve was weighed.
To determine the size distribution of the fine fractions, subsamples of nineteen of
the seventy - eight field samples analyzed were sent to the USGS Kentucky Water
Science Center sediment laboratory in Louisville KY for full grain-size analysis by-
sieving and the pipette method. Samples from: boreholes Pit 5. borehole of the Pitman
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monitoring station (PS) four samples of the island exposure in Penitentiary Bend and
boreholes Bio Pr 1 Bio Pr 2 of the UGRBP had samples sent to the USGS laboratory. In
addition, the fine material from all of the seventy-eight samples were analyzed by using a
Laser In-Situ Scattering and Transmissometry instrument. (LISST-25x Sequoia
Scientific, Inc.) a submersible field device that provides estimates of the concentration
and size distribution of suspended particles (Figure 3.13). The LISST-25x provides an
estimate of the Sauter Mean Diameter (SMD) of the sample suspended in the measuring
volume. A sediment-water mixture in a test chamber was agitated by means of a
magnetic stirrer and the instrument was set to read concentration and grain-size once per
minute. For each sample, five readings were recorded for each of two levels of sediment
concentration. The SMD values for these 10 readings were averaged to give a single
representative grain size value for the fine fraction. Sediment analyses with the LISST
were run for all of the sediment samples, and the results were compared to the grain-size
distributions obtained from the USGS laboratory.
Figure 3.13 LISST 25x (Sequoia Scientific Inc) used to estimate
mean grain size of the fraction (<63 urn).
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Seventy - eight sediment samples were processed in the laboratory and the grain
size distribution curves generated by integrating the sieve analysis of the coarse fractions
with the fines analysis. Central tendency and dispersion measures were calculated using
the KWare SFT software (Figure 3.14, version 2005). Sediment size values are expressed
in Phi units (<1>), (0 =-log2 X where X is the grain diameter in mm) the commonly used
logarithmic scale for sedimentological analysis (Boggs 2006), (Table 3.1).
U.S. Standard
Sieve Mesh #
Use
wire
squares
5
6
7
8
10
12
14
16
18
20
25
30
35
40
45
50
60
70
80
100
120
140
170
200
230
270
325
'/:
•A
1/8
1/16
|
i 1/32
Analyzed
by
Pipette
or
Hydrometer
1/64
1/128
1/256
Millimeters
4096
1024
256
64
16
4
3.36
2.83
2.38
2.00
1.68
1.41
1.19
1.00
0.84
0.71
0.59
0.50
0.42
0.35
0.30
0.25
0.210
0.177
0.149
0.125
0.105
0.088
0.074
0.0625
0.053
0.044
0.037
0,031
0.0156
0.0078
0.0039
0.0020
0.00098
0.00049
0.00024
0.00012
0.00006
Microns
500
420
350
300
250
210
177
149
125
105
S8
74
62.5
53
44
37
31
15.6
7.8
3.9
2.0
0.98
0.49
0.24
0.12
0.06
<P
-12
-10
-8
-6
-4
_2
-1.75
-1.5
-1.25
-1.0
-0.75
-0.5
-0.25
0.0
0.25
0.5
0.75
1.0
1.25
1.5
1.75
2.0
2.25
2.50
2.75
3.0
3.25
3.5
3.75
4.0
4.25
4.5
4.75
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
Wentworth Size Class
Boulder (-8 to -12<j>)
Cobble (-6 to -80)
Pebble (-2 to -6<fi)
Granule
Very coarse sand
Coarse sand
Medium sand
Fine saud
Very fine sand
Coarse silt
Medium silt
Fine silt
Very fine silt
•
1
 clay
Table 3.1 grain size classifications including US standard sieve #, associated
sieve sizes in mm, urn, and phi scale (O>) units, and the Wentworth size class.
Table modified from MIT (OCW) 2007.
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3.4.2 14C Dating
Radiocarbon or carbon - 14 dating is probably one of the most widely used and
best known absolute dating methods (<http://www.cl4dating.com/int.html>).
Radiocarbon dating relies on a simple natural phenomenon. As the Earth's upper
atmosphere is bombarded by cosmic radiation, atmospheric nitrogen is broken down into
an unstable isotope of carbon - carbon 14 (I4C). The I4C within an organism is
continually decaying into stable carbon isotopes, but since the organism is absorbing
more 14C during its life, the ratio of 14C to 12C remains about the same as the ratio in the
atmosphere. When the organism dies, the ratio 14C within its carcass begins to gradually
decrease. The rate of decrease is 50% per 5,730 years (the half life of 14C). Radiocarbon
dating can be employed anywhere in the world, and has a 50,000 year range.
By radiocarbon dating of organic material collected from Green River alluvial
deposits it was possible to estimate the time of deposition and thus the age of some of
those deposits. However, there are limitations and errors expected when using 14C dating,
for instance, variation in rates of 14C production in the atmosphere can bias the age
estimates. This bias can be corrected by using standard calibration tables developed over
the past twenty years (Beta Analytic Inc.). Inaccuracy in the method could be originated
by the possibility of dating reworked material deposited in younger strata. Moreover,
uncertainty also arises if new organic material (roots) is found at the depth in older
deposits. Six samples one from the PCC site, and five from the UGRBP site (three of
them from the two islands associated with UGRBP study area. These samples were
analyzed by Beta Analytic Inc., a laboratory specializing in radiocarbon analysis for
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academic research applications. Standard pretreatment and analysis protocols were
followed as outlined at the laboratory website: (<http://www.radiocarbon.com/>).
3.5. Data Analysis and Interpretation
Results of the laboratory sediment analysis provided measures of central tendency
(mean size, median and mode) and dispersion (standard deviation, inclusive skewness,
and kurtosis) of the sampled grain-size distributions. (Formulas, data and tables, appendix
II). The mean size and degree of dispersion (sorting) in the sediment samples can give
insights about the type of flow process that deposited the material, (i.e., overbank flow,
levee deposit etc). Inclusive skewness indicates towards what side of the graphical curve
(fines or coarser) exists larger concentration of sediments. From kurtosis data you
interpret how well or poorly sorted the sediments are depending on the shape of the curve
(e.g. a narrow and spiky curve -leptokurtic- indicates that sediments are in a restricted
range of dispersion; in other words, well sorted).
Documenting the grain-size distributions preserved in the sedimentary strata
along the flood plain and estimating deposition rates from radiocarbon analysis, allows
inferences on how the sediment supply has changed over time from the most recent
glacial episode through the first European settlement.
By using Stratigraphic Column Generator (SCG) software developed by the
Indiana Geological Survey, (StratGen version 1.5.1, © 1997, 1999) the vertical pattern of
flood plain deposits at each site was illustrated. Based on these patterns, the radiocarbon
data, and the topography a narrative of how the flood plain deposits in Upper Green River
have developed in response to changes in environmental controls (climatic, geomorphic,
and anthropogenic) over late Pleistocene and Holocene time was constructed.
Chapter 4. Results and Analysis
The general pattern of stratigraphy of the floodplain alluvium in the two sites
surveyed on the Upper Green River displays a fining upward sequence typical of fluvial
deposition. This type of deposition generally consists of coarse material (gravel mixed
with sand) at the bottom that represents channel bed sediment associated with lateral
channel migration, overlain by finer material (silt and clay) corresponding to overbank
deposits. Although fluvial strata can present primary sedimentary structures as
lamination, most of the deposits described in this study are massive. Stratigraphic panels
in this chapter and in Appendix III illustrate textural variations with elevation and depth
at each borehole, as well as potential correlations between stratigraphic units within the
profiles at selected boring sites. Physical descriptions of the sediment samples including
sedimentary structures, presence of organic material and grain-size distribution data for
all of the sediment samples analyzed (Appendices I and II) were taken in to account in
creating the panels (Appendix, III).
The two survey sites (PCC and UGRBP) share a similar geomorphic signature,
consisting of distinct surfaces at different elevations in the valley. A lower elevation
surface (at 155 m in PCC and 135 m in UGRBP) occurs adjacent to the river channel as a
narrow (~ 10-15 m) shelf which is regularly flooded under the modern hydrologic
regime. This narrow floodplain is recognized in this work as the late Holocene alluvium
(LHA) unit. Beyond this surface lies a much wider flat valley bottom area at higher
elevations, referred to here as the early Holocene alluvium (EHA) unit, which is
infrequently flooded (perhaps every 10-50 years). Finally, there exists a higher set of
surfaces composed of dissected Quaternary terrace deposits (DQT). Deposits found at the
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higher elevations reflect ancient deposition or paleoterraces not influenced by the modern
river dynamics.
4.1. Pitman Creek Confluence Site: (PCC)
At the PCC site, the lowest flood plain surface (LHA) occurs at an elevation of
-155 m -on the west margin of the river. Borehole Pit 5 is located in this unit (Figure 4.1,
Table 4.1). The second flood plain surface (EHA) at 158.5 m is a 310 m wide cultivated
flat area that can be flooded by large flow events; this EHA unit is in fact composed of
two terrace surfaces represented by Pit 6 (158.3 m) and Pit 7 (161.2 m) (Figure 4.2). The
third geomorphic unit (DQT) lies above the wide valley floor surfaces. On DQT there are
at least three distinct dissected terrace levels represented by -Pit 8 (164 m)-Pit 9 (170m) -
and -Pit 10 (188 m) - respectively (Figure 4.1).
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PCC Study Site
Borehole
Pit 5
Pit 5-2
Pit 6
Pit 6-2
Pit 7
Pit 7-2
Pit8
Pit 9
Pit 10
PS
Total depth
(meters)
3.60
7.10
3.96
7.20
3.96
7.60
1.74
1.89
0.79
4.05
Topographic position
LHA
EHA
EHA
EHA
EHA
EHA
DQT
DQT
DQT
EHA
Augering method
Soil Auger
Giddings probe
Soil Auger
Giddings probe
Soil Auger
Giddings probe
Soil Auger
Soil Auger
Soil Auger
Soil Auger
UGRBP Study Site
Bio Pr 1
Bio Pr 1-2
Bio Pr 2
Bio Pr 3
Bio Pr 4
Bio Pr 5
Bio Pr 6
Bio Pr 7
Bio Pr 8
Bio Pr 9
BioPrlO
Bio Pr 10-2
Bio Pr 10-3
Bio Pr 11
Bio Pr 11 -2
Bio Ridge
3.84
11.80
4.05
4.57
3.96
5.12
4.88
4.66
1.52
1.74
3.20
11.10
9.67
3.51
4.90
9.5
EHA
EHA
LHA
EHA
EHA
EHA
LHA
EHA
EHA
EHA
LHA
LHA
EHA
EHA
EHA
EHA
Soil auger
Giddings probe
Soil Auger
Soil Auger
Soil Auger
Soil Auger
Soil Auger
Soil Auger
Soil Auger
Soil Auger
Soil Auger
Giddings probe
Giddings probe
Soil Auger
Giddings probe
Giddings probe
Table 4.1 Identification codes, depth, and associated geomorphic units for boreholes
at the two survey sites
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ISS
168
164
lt.2
160
154
152
Pit 10
DTD
Pit 9
D I D
' ^ i t ^
• EHA
Pit 7
Pit 6 "
I LHA
~~— Grain size scale
Sill
Sand
ij Gravel
• Sediment Sample
I Radiocarbon Sample
kkf. Organic Material Pitman Creek Confluence Site
Figure 4.1 Stratigraphic panel representing boreholes from PCC study site. Horizontal position of
columns on the panel represents relative location but does not indicate horizontal distances between
borings. LHA=Late Holocene alluvium unit. EHA, Early Holocene alluvium unit, DQT=Dissected
Quaternary terraces unit.
The textural pattern at Borehole Pit 5 (LHA) consists of a general fining upward
succession (Figure 4.2, 4.3). The relatively thin fine interval at ~2 m depth probably
represents limited accumulation of overbank silts followed by renewed deposition of
sands associated with flooding (Figures 4.2, 4.3). In this depositional unit (LHA), high
percentages of coarse material (22% gravel and 23% sand) encountered below 3 m depth
(sample Pit 5D) reflect channel deposits at the bottom of the sequence (Figures 4.4, 4.5).
Among the four sediment samples from Pit 5, the sorting (standard deviation) of the
grain-size distribution ranges from 2.63 <D to 4.85 O (0.163 mm to 0.035 mm) and
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increases with the mean grain-size in part reflecting the wide range in the mean size of
the Pit 5 samples (Figure 4.6). Additional boring with the Giddings probe on the EHA
surface near Pit 5 (Pit 5-2, Figure 4.7) encountered gravel from 4 m to 7 m depth. The
interpreted vertical profile is similar in both cases (manual augering and mechanical
drilling) throughout the same depth interval, suggesting a fining upward sequence typical
of flood plain deposits for both the LHA surface and the EHA unit immediately adjacent
(Figure 4.8). A wood sample taken for radiocarbon analysis at 3.5 m depth in borehole Pit
5 resulted in a conventional age of 140 ± 40 yrs B.P. (Table 4.2).
J f i
Pit 7
400 J
O0O
 n
Pit 6
3OO -
SOO -
. . . .
•
•
Grain tku scale
Sill
Sand
Gravel
St'dimcnl Sjmpk-
K.nliiii ii linn SampU'
< >l --IIIH M.lli 1 l.ll
in.I
Pit5
j 00
400
Figure 4.2 Stratigraphic columns for boreholes representing LHA (Pit 5) and EHA (Pit 6, 7)
at PCC study site. Refer to map in Figure 4.1 for location of borings.
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Figure 4.3 Variation of mean grain size with depth for hand-augered borings at the PCC
study site.
Pitman Creek Confluence (sand & gravel percentages)
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% > 0.063 (mm)
40 60 100
•Pit 5
•Pit 6
•Pit 7
-Pit 8
•Pit 9
•Pit 10
Figure 4.4 Variation of the proportion of sand and gravel (>0.063mm) with depth for hand
augered borings at the PCC study site.
Pit 5
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Figure 4.5 Full grain-size distributions for Pit 5. Arrows indicate depth of samples.
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Figure 4.6 Sorting (geometric standard deviation, converted from <D units to mm) vs. mean
grain- size for samples of the PCC and PS study sites.
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Boreholes Pit 6 and Pit 7 from the EHA unit have higher proportions of fine
material (silt and clay) for most samples in the vertical profile (68% on average); than
samples from boreholes on the two adjacent surfaces (Pit 5 = 60 % Pit 8. 9. 10 = 49%. on
average, Figures 4.4 and 4.9). Samples from Pit 6 and 7 are silty. (mean size in the 5 to 6
phi range 0.031 to 0.0156 mm), texturally homogeneous, and have a similarly narrow
range in sorting (Figures 4.3. 4.4. and 4.6 Appendix 3). Boring with the KGS drilling rig
on the EHA surfaces near Pit 6 and Pit 7 encountered similar fine materials to depths of
approximately 5.5 and 4.5 m, respectively, below which sand and gravel deposits were
present (Figure 4.10). These textural profiles suggest a relatively consistent vertical
structure for the deposits associated with the two terrace surfaces of the EHA geomorphic
unit although the hand augered borings at Pit 6 and Pit 7 (Figure 4.2) represent only the
fine grained upper portion of the deposit.
Figure 4.7 EHA surface at PCC study site, with locations of KGS-Giddings
probe borings shown.
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Figure 4.8Comparison between KGS boring Pit 5-2 at 156. 5 m elevation (left) and hand
auger boring Pit 5 at 155.6m elevation (right). Textural variations depicted for KGS boring
are based on visual inspection of cores and visual and tactile estimation of grain size in the
field.
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Pitman Creek Confluence Site
(PCC)
Vo Sand 0 10 20 30 40 50 60 70 80 90 100 &
0 % Silt
A Pit 5
? Pit 6
•" Pit 7
• Pit 8
^ Pit 9
X Pit 10
Figure 4.9 Ternary plot illustrating percentages of gravel, sand and fines of sediment
samples from boreholes at PCC study site.
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4.10 Stratigraphic columns representing Giddings probe borings in the LHA and EHA surfaces
at the PCC study site. Textural variations depicted for KGS boring are based on visual
inspection of cores and visual and tactile estimation of grain size in the field. Refer to Figure 4.2
for corresponding hand-augered borings.
Boreholes Pit 8 (164 m), Pit 9 (170 m) and Pit 10 (188 m) (Figure 4.11, Appendix
III) exemplify the third and highest geomorphic unit at the PCC site (DQT). Borings at
these three locations are associated with three distinct dissected terrace surfaces, and
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encountered impenetrable materials at relatively shallow depths (Table 4.1). Samples
from these locations have larger mean grain sizes 1 to 3 <D, (0.50 to 0.125 mm) and the
highest proportions of sand and gravel (>50%) encountered at the study site (Figure 4.9),
gravel deposits are found at shallow depths (0.3 to 1.86 m) in these boreholes. At
borehole Pit 8, abundant chert clasts are dispersed on the surface.
Gravelly deposits from the boreholes from both valley bottom alluvial units have
similar physical features. They are composed of a fine silty matrix surrounding polished,
rounded to sub-rounded clasts of brown chert, sub-angular limestone, and sub-angular to
sub-rounded milky quartz.
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Figure 4.11 Stratigraphic columns for boreholes representing DQT (Pit 8, 9 and 10) at PCC
study site. Refer to map in Figure 4.1 for location of borings.
4.1.1 PCC Complementary Sampling Sites
4.1.1.1 Pitman Creek Monitoring Station site (PS)
The borehole here is 19 m away from the right bank of Pitman Creek and
represents a typical flood plain fining upward sequence. Finest material (not sampled) on
top of the borehole (first 2 m depth) rest over a more silty-sand package (Figure 4.12)
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The four samples are silty sand with some chert gravel clasts. Mean sizes are in the sand
class (1.3-3.7 <D, 0.38- 0.076mm Figure 4.12). The grain size analysis for this site shows
the lowest proportions of fines (< 19%) of all of the 78 samples collected in this study
(Figure 4.13). The nature of these deposits may represent a fundamental difference
between the alluvial deposits of this tributary and those of the mainstream of the Green
River (Figures 4.6 and 4.13). The gravels are mainly brown, rounded to subrounded chert
and fossil fragments of crinoids. Deposits below 3.5 m depth are also rich in fine grained
particles of organic material.
• P S 1
• P S 2
-PS 3
•PS 4
0.1 1
Grain size (mm)
10 100
Figure 4.12 Full grain size distribution from borehole at Pitman Creek monitoring station
(PS). Arrows indicate depth of samples.
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* Penitentiary bend
Figure 4.13 Ternary plot illustrating proportions of sand and gravel (D > 63um), silt, and clay (D<2
u.m) in samples analyzed at the USGS Kentucky Water Science Center sediment laboratory. Analysis
of the silt and clay fractions by pipet method.
4.1.1.2 Penitentiary Bend Island
The exposed alluvial bank on the island on Penitentiary Bend displays a
succession of relatively fine sediments (Figures 4.14, 4.15). At the base of the bank is a
semi-compacted layer ~ 1.6 m thick composed of a silty clay matrix surrounding
randomly dispersed chert gravel (9% content) within the lower 0.4 m. This basal layer
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has a clay content of 18% (Figures 4.13,4.15) and pinches out ~2 meters upstream from
the sampling location, disappearing from the bank exposure. Above the basal clayey layer
is a coarser laminated silt deposit (1.8m thick) with a grain-size mean of 5.1 <D
(0.031mm), overlaid by a medium silt 6.06 O (0.0156mm) stratum 0.8m thick, and finally
by a massive sandy silt 4.68 O (0.040mm) deposit 1 m thick on top.
Figure 4.14 Bank exposure at Penitentiary bend island, Taylor County.
Stratigraphic column associated, a continuous silty package with gravel at bottom
below the water level and planar lamination in the middle of the outcrop.
Penitentiary bend
Pet Bend A
Pet Bend B
Pet Bend C
Pet Bend D
0.001 0.1
D(mm)
10
Figure 4.15 full grain size distribution from Penitentiary Bend island. Arrows indicate 'depth'
(from the surface) of samples
4.2. Upper Green River Biological Preserve site (UGRBP)
At the UGRBP site, the two valley bottom geomorphic units, LHA and EHA,
were cored and sampled. The Late Holocene alluvium surface (LHA) is a narrow (9 m
wide on average) flood plain adjacent to the river channel at 135-136 m elevation
(Boreholes Bio Pr 2, Bio Pr 6, Bio Pr 10 Figures 4.16 and 417). Beyond this lower (LHA)
unit, there is a wider alluvial surface (EHA) two to three meters higher in elevation 137-
145 m (Boreholes Bio Pr 1, 3, 4, 5. 7, 8, 9 and Bio Pr 11 Figures 4.16 and 4.17) Above
these two valley bottom units are dissected terrace landforms at 143-145 m that are most
clearly evident on the WKU property (Figures 4.16 Appendix III).
Boreholes Bio Pr 2 and 6 associated with the LHA unit on the WKU property
(Figures 4.13. 4.18 and Appendix III) exhibit a high proportion of silt and clay at shallow
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depths (Figures 4.19 and 4.20). Bio Pr 6 increases in sand content (from 25% to 64%)
with increasing depth (Figures 4.20) whereas Bio Pr 2 becomes slightly finer with
increasing depth (Figures 4.19, 4.20 and 4.21). In contrast, samples from borehole Bio Pr
10 associated with the same alluvial surface on the Johnston property show a coarsening
upward pattern (sand over fines) within the upper three meters, with mean grain-size
decreasing and silt and clay proportion increasing with depth (Figures 4.19 4.20,
Appendix 3). Samples from Bio Pr 10 and the other LHA boreholes (Bio Pr 2 and 6) all
exhibit very poor sorting (Figures 4.22). Boring with the KGS Giddings probe at this
location (Bio Pr 10-2, Figure 4.23) encountered wet sandy material between 4.8 and 6.4
m depth and hit bed rock (or impenetrable coarse-grained materials) at 9.6 m depth.
Another KGS borehole (Bio Pr 10-3, Figure 4.23) on the margin of the EHA surface near
Bio Pr 10 encountered gravel below 9.8 m and hit bed rock at 11.1 m depth. Because the
EHA surface elevation at this boring (Bio Pr 10-3) was ~5 m higher than the LHA
surface at Bio Pr 10-2 (Figure 4.23), these results suggest a bedrock elevation difference
of-3.5 m at these two locations less than 25 m apart. Therefore, it is possible that a step-
like configuration for the underlying bedrock controls the geomorphic expression of the
riverside alluvium units (EHA, LHA) at the Johnston property (Figure 4.23).
A radiocarbon date obtained from a rotten wood fragment at 3.2 m depth in
borehole Bio PR 10 (on the lower valley bottom level (136 m) Johnson property LHA
unit) resulted in a conventional radiocarbon age of 180 ± 40 yrs B.P. This result could
suggest that the most recent deposits in the valley bottom have been accumulated in the
last 180 ± 40 yrs B.P. (Table 4.2)
66
a.
r.
5
z
a.
£
a,
it
TJ:
e5
•—
2.
a
-L
5
a
• I B '
" /
T : x
. 1 . . ... in1;!.,:
« o «
i I I
5
c -o .
s
s
s.
u
—O
I
—
t =
a. .2 J
III
OX ^ 3
a. =
~ _ o
08
a
4»
a.
u. •£ -J
Boreholes Bio Pr 1. and 5. from the EHA unit (139-142 m) on the WKU side are
similar texturally with mean grain size within the 5 to 6 phi (O) interval (0.031 to
0.0156mm) (Figure 4.19), proportions of silt and clay exceeding 50% (Figure 4.20 and
4.24) and in samples from Bio Pr 1, around 20-25% in the clay-size range (Figure 4.13).
Although soil auger borings only showed silty deposits to a depth of 5.1 m; further
drilling with the Gidding probe on the EHA surface revealed gravel deposits at 9.7 m
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depth and hit bedrock (auger refusal) at 11.8 m depth in a location near borehole Bio Pr 1
(Cores obtained may be analyzed in future efforts). Another borehole dug with the KGS
equipment on a low ridge on the EHA unit at 141 m elevation encountered sandy material
below 5 m, gravelly deposits at 7 m, and reached bedrock at depth of 9.5 m.
Borehole Bio Pr 3 is located where the EHA surface pinches out between the river
channel and the steep valley wall. This is the highest (145 m) sampling point on the EHA
surface, almost eleven meters higher than the right river bank, (134 m elevation, Figure
4.16, Appendix 3). Bio Pr 3 has a grain-size mean between 4 and 6 O (0.063 to 0.0156
mm), silt and clay content ranging from 51% to 79%, and abundant fine particles of
organic material below 3 meters (Figures 4.19, 4.20 and 4.24). Borehole Bio Pr 7 at 143
m elevation is in an open grass area, near the upstream boundary of the WKU property,
and consists of a fairly homogenous package of medium silt 4 m thick with silt & clay
contents between 60% and 70% (Figures 4.19 and 4.20)
Two more boreholes (Bio Pr 4 and 8) at 142-143 m are on the EHA surface near
the west boundary of WKU property (where the flood plain becomes narrow and
squeezes against the valley wall) between Bio Pr 3 and 5 (Figure 4.16, Appendix III).
Borehole Bio Pr 4 has a thin sandy interval within the predominantly fine upper three
meters (Figure 4.19). Sediment sample Bio Pr 4E (at 3 m depth) from this boring contains
37% sand and 15% gravel with clasts up to -4C> (16 mm) in diameter. This borehole is
also rich in organic material below 3 m depth. A sample of this organic material was
taken for 14C analysis, however, the results suggest the material was recently living and
thus do not provide an estimate of the time of deposition. Borehole Bio Pr 8 contains a
higher proportion of sand (41-65%), than the rest of the UGRBP boreholes associated
with EHA unit. Moreover, there are gravel deposits at a shallow depth (1.5m) in this
borehole. Boreholes Bio Pr 4 and Bio Pr 8 (Appendix III) have other similar physical
characteristics such as a reddish clayey sand layer within the upper two m, probably
indicative of Fe oxides resulting from intense weathering. Bio Pr 4 and 8 are close to a
minor tributary of the Green River. Therefore, channel deposition probably explains the
coarser texture of the sediments at these locations (Figure 4.16 Appendix III).
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Figure 4.17 Stratigraphic panel representing boreholes at UGRBP Johnston Property. Horizontal
position of columns on the panel represents relative location but does not indicate horizontal
distances between borings. LHA=Late Holocene alluvium unit. EHA, Early Holocene alluvium unit.
Figure 4.18 LHA surface at LGRBP (WKL property), near borings
Bio Pr 2 and 6.
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Figure 4.19 Variation of mean grain size with depth for hand-augered borings at UGRBP
study site.
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Figure 4.20 Variation of the proportion of sand and gravel (>0.063mm) with depth for
hand augered borings at the at UGRBP study site.
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At the Johnston property, boreholes Bio Pr 9 and Bio Pr 11 represent the EHA unit at
140-143 m. This is a higher valley bottom surface than the LHA unit (represented at
Johnston by Bio Pr 10 Figure 4.16, Appendix III). Sediment samples from borehole Bio
Pr 11 follow a fining upward sequence, increasing in mean grain size through depth from
medium silt to fine sand (Figure 4.19) Samples also decrease in silt and clay proportions
(Figure 4.20) and they are moderately well sorted (Figure 4.22). Sampling with the soil
auger at Bio Pr 11 encountered impenetrable materials at 4.3 m depth, and the Giddings
probe encountered bedrock at 4.9 m in a nearby location (Bio Pr 11-2). Borehole Bio Pr
9, at 140 m elevation and close to the-upstream margin of the EHA unit on the Johnston
property, is relatively shallow (impenetrable gravel or bedrock at 1.90 m) and displays an
inverse textural pattern over the upper 1.5 meters, with coarse silt overlying medium silt
(Figure 4.19 Appendix III). This boring is located near the base of the valley slope and
the higher sand content of the near surface sample may reflect deposition of relatively
coarse materials eroded from the upslope surface (Figure 4.20).
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Figure 4.21 Full grain-size distribution for Bio Pr 2. Arrows indicate depth of samples.
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Figure 4.22 Sorting (geometric standard deviation, converted from <D units to mm) vs.
mean grain size for samples of the UGRBP study site.
Figure 4.23 Hillslope on the boundary between the EHA (upper surface)
and LHA (lower surface, in foreground) units at the UGRBP, Johnston
property. Elevation difference between upper and lower surfaces is ~5m.
In summary, deposits from the WKU property at the UGRBP field site are more
homogenous and contain slightly higher silt and clay proportions than deposits at the
Pitman Creek confluence site (-70% vs. 60%). Both the range of fines content
(proportion < 63 urn) and the range of the mean size of the fines fraction were greater for
UGRBP samples than for samples from the PCC study site (Figure 4.25). USGS analysis
of the fine material showed high proportions of clay (20% to 30%) for the UGRBP and
PCC samples and much less clay and silt in the samples from the Pitman Creek site
(Figures 4.13. and 4.25). UGRBP boreholes also have more disseminated fine particles of
organic material in the vertical profile compared to PCC. LISST- based estimates of the
mean size for the fines fraction fall within the silt range for all of the samples from both
sampling sites (SMD between 5.5 and 8 O. 0.0230 to .0039 mm Figure 4.25).
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Figure 4.24 Ternary plot illustrating percentages of gravel, sand and fines of sediment samples from
boreholes at UGRBP study site.
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Figure 4.25 Percentage of fines (< 63 um) vs. Mean size of fines fraction forUGRBP and
PCC study sites.
4.2.1 Island Bank Exposures at UGRBP
On Bush Island, a clast-supported gravel layer is exposed along the bottom of the island
(Figure 4.26, Appendix III). This semi-cemented clastic deposit is visible in summer time
and during other low flow periods. The layer has sub-rounded to rounded chert clasts, and
includes organic material (burnt wood). A radiocarbon date obtained on a burnt log from
this layer revealed a conventional age of 80 ± 40 yrs B.P. (Table 4.3). A gradational
contact ties this gravel deposit with a gray clayey layer above (Bio Pr 12B, Appendix I,
II).
76
Figure4.26 compacted gravel layer at the base of Bush Island.
The second island sampled is 880 m downstream from Bush Island. At the base of
this island a continuous, semi-compacted and laminated layer composed of a mixture of
well-preserved leaves and silt - 60 cm thick can be observed in summer season during
low flow conditions below the water level. Radiocarbon analysis of leaves collected from
this layer (Bio PR 13A. Figure 4.27) returned a date for this deposit of 2300 ± 40 yrs BP.
Overlying the organic layer are sand deposits - 4 m thick, massive to weakly horizontally
laminated. The top of the exposure is a ~ 1 m thick massive silty deposit. This succession
comprises an island deposit, probably formed by lateral accretion (Figure 4.28). Sediment
samples collected from the exposure on top of the leaf layer (sample Bio Pr 13 A) and
from the middle sand layer (sample Bio Pr 13B) are well sorted fine to very fine sands
with mean grain sizes of 2.9 O and 3.8 0 (0.125 and .074 mm) ( Figure 4.28 Appendix
II).
77
2300 +/- 40 yr. B.P
Figure 4.27 Leaf layer at base of Second Island downstream of Bush island.
(refer to Figure 4.15 for location map). Scale bar is 10 cm. Note lamination of leaves
below the waterline.
7X
Figure 4.28 Second island bank exposure at UGRBP study site, adjacent to
Johnston property. Refer to Figure 4.xx for location map. Stratigraphic column
illustrates general stratigraphy and location of sediment (red) and organic (green)
samples. Closeup of leaf layer at low flow is shown in Figure 4.27
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Table 4.2. Radicarbon Ages of organic material collected from borings and bank exposures.
Sample
Data
Biol2A
Bush Island
first island
down stream
of Biological
preserve area
Bio 13A
Second
Island down
stream
Biopreserve
area
Bio 13B
Second
Island down
stream
Biopreserve
area
PU5D
Pitman Creek
Confluence
Bio Pr 4E
Biological
preserve area
BioPrlOA
Biological
preserve area
Analysis
AMS
Radiometric
Radiometric
Radiometric
AMS
AMS
Material
Pretreat
ment
(wood):
acid/alkal
i/acid
(leaves):
acid/alkali
/acid
(leaves):
acid/alkali
/acid
(wood):
acid/alkal
i/acid
(wood):
acid/alkal
i/acid
(wood):
acid/alkal
i/acid
Conventional
Radiocarbon
Age*
80 +/- 40 BP
2320 +/- 40 BP
Modern
110.24 ± 0.5
pMCn
140+/-40BP
Modem
120±0.5pMC
180+/-40BP
Calendar years
two sigma (a) a>
CalAD 1800 to 1930
(CalBP150to20)
CalBC410to360
(CalBP2360to
2320)
result is outside of the
calibration range
CalAD 1660 to 1950
(Cal BP 290 to 0)
result is outside of the
calibration range
CalAD 1720 to 1880
(Cal BP 230 to 70)
Elevatio
n/Depth
(m)
134m
Elevation
134m
Elevation
142m
Elevation
3.5m
depth
3.4m
depth
3.2m
depth
Geomorphic/topographic
setting
Island deposit (bank
exposure)
Island deposit (bank
exposure)
Island deposit (bank
exposure)
Flood plain deposit
(Borehole) LHA unit PCC
site
Flood plain deposit
(Borehole) DTD Unit
UGRBP site
Flood plain deposit
(borehole) LHA unit UGRBP
site
* Reported in radiocarbon years before present (yr. B.P.) and corrected for variations in 8
"percent modern carbon". Results are reported in the pMC format when the analyzed material had
more 14C than did the modern (AD 1950) reference standard. °° Calibrated to calendar year from Stuiver
and Reamer (1993).
Chapter 5. DISCUSSION
5.1 Upper Green River in a Regional Context
There is geomorphic evidence of several episodes of entrenchment and
aggradation occurred on the Green River. During the Pleistocene, aggradation of the Ohio
River caused by glacial floodwaters impounded the Green River, filling the lower valley
with slackwater/lacustrine deposits (Stein 1980). During the late Pleistocene and
Holocene Epochs the Upper Green River experienced periodic entrenchment as
evidenced by terraces preserved in the valley (Miotke and Palmer, 1972, this work). More
recent sedimentary fill in the lower levels of Mammoth Cave suggests a period of
aggradation following the late Quaternary incision (Granger et. al., 2001).
Over the late Quaternary, the Green River is a fine-grained meandering fluvial
system that transports and deposits primarily sand and fines (silt and clay) but also some
gravel. Modern flood plain aggradation (deposits up to 3.5 m thick in a historical period
of time, i.e. since ~ 1750 AD) is related to an increase in sediment supply during the last
two hundred and fifty years. This increase in sediment supply is probably due to changes
in land use on arrival of the first European settlers in the south central Kentucky region.
This increase in sediment supply is inferred based on rates of deposition estimated from
14C dating on the lower alluvial units (LHA) identified on the valley bottom of the two
selected study sites. The relatively high estimated rates of alluvial deposition are
coincident with the 19th century period of early colonial settlement and deforestation.
Evidence of change in land use as major factor influencing sedimentation within the
study area is also supported by Tobin (2007), who documented rapid 19th and 20th
century sedimentation in a trunk conduit of the Turnhole Spring groundwater basin. This
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finding was based on I4C dates and analysis of 137Cs in cave sediments within Logsdon
River (Mammoth Cave area). Since no tectonic activity is reported for the Quaternary in
this region (Van Arsdale and Sergeant, 1987) it is reasonable to conclude that factors
such as human impacts and climate variability account for the increase in sediment
supply for the last two hundred and fifty years.
5.2 Interpretation of Local Valley and Floodplain Features
Flood plain construction in the upper Green River proceeds by meander belt
deposition (e.g. point bar deposits and overbank deposition) resulting in a fining upward
succession of fluvial sediments. Stratigraphic sections, radiocarbon dating of buried
organic material, and geomorphic observations suggest the existence of three distinctive
geomorphic surfaces at PCC study site: a late Holocene alluvium (LHA) unit, an early
Holocene alluvium (EHA) Unit, and a dissected Quaternary terraces (DQT) unit.
Equivalent LHA and EHA units were recognized downstream at the UGRBP study site.
No well-developed soil profile was recognizable in the sampling sites and no buried soils
were observed in boreholes, except for an organically enriched surface horizon at
UGRBP study site and an ox-redox horizon below 4 m in the EHA surface at PCC study
site. The lack of strong soil development and/or buried soils indicates rapid and
continuous accumulation of fluvial sediment on the upper Green River flood plain for the
late Holocene (i.e. the historical period). The relatively simple architecture of the terrace
and floodplain deposits identified at the two study sites, consisting of a single fining
upward sequence over bedrock on the lower valley bottom units (LHA and EHA),
suggests that rapid aggradation and floodplain development occurred between periods of
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river incision and terrace formation. There is no evidence of buried alluvial units that
would suggest a more complex history of aggradation, incision, and terrace formation.
5.2.1 Geochronology and Flood Plain Formation at PCC site
Three discernible paleoterraces compose the dissected terrain at the highest
topographic levels of the valley bottom of the Pitman Creek confluence site (Figure 5.1).
Fluvial terraces identified at PCC site at 164, 170 and 189 m on the geomorphic unit
referred to here as dissected Quaternary terraces (DQT) are deeply dissected and they are
represented now only by relatively narrow benches on the valley slopes. Following Ray's
interpretation (Ray, 2006) of landscape features related to Quaternary fluvial planation in
the Green River basin, the deposits associated with Pit 10 at 188.8 m may correlate with
the Green River strath erosion surface (175-200 m), estimated by Ray to be early
Pleistocene in age. Moreover, brown chert gravels found at Pit 10 are similar to Green
River Strath deposits between the PCC and UGRBP sites mapped by Ray (1996).
Alluvial deposits composing Pit 9 at 170 m are associated with dissected terraces below
the Green River strath and estimated to be Late Pleistocene/Holocene in age (ibid).
Deposits related to Pit 8 at 164.2 m are possibly Yarmouthian- Illinoian in age (late
Pleistocene -450 - 160 ka), based on correlation with regional studies (Kane, 1972)
described by Miotke and Palmer (1972), in their study of the terraces in the vicinity of
Mammoth Cave. The authors concluded that deposits between 158 and 187 m are
possibly Yarmouthian-Illinoian (Miotke and Palmer, 1972 p 25).
Fluvial strata of Pit 7 and Pit 6 at 160.2 and 158.6 m are interpreted to be late
Pleistocene to Holocene age. The lowest geomorphic surface (LHA) unit, from which the
Pit 5 radiocarbon sample was obtained, includes modern deposits laid down during the
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last 140 ± 40 yrs BP (Table 4.2). Therefore, a historical, postsettlement age is proposed
for this sedimentary unit (calendar years -1770 - 1810) and a estimated rate of deposition
of 2.5 cm/yr is inferred at least for the upper 3.5 m of the alluvial unit (LHA). There are
uncertainties in these estimates of deposit age and deposition rate related to the
possibility of older organic material being incorporated in a younger deposit or the
growth roots into older deposits. The latter type of error (root growth) is more likely than
the former in the present case, although the similarity in estimated 14C ages of organic
material recovered from similar depths in LHA unit borings at the PCC and UGRBP sites
(Pit 5 and Bio Pr 10) strongly suggest that these data are valid estimates for times of
deposition at these locations.
In sum, the age range for these deposits of Pitman is between 140 ± 40 yrs BP
and ~ 2 Ma. (early Pleistocene).However, they can be discriminated as early Pleistocene
(Pit 10) late Pleistocene (Pit 9, Pit 8) and late Pleistocene to Holocene Pit 7 Pit 6 and Pit
5.
5.2.2 Geochronology and flood plain formation at UGRBP site
The LHA surface at the Upper Green River Biological Preserve study area is an active
flood plain between 134 and 137 m (Boreholes Bio Pr 2, 6, 10) that reflects the most
recent periods of incision and alluvial deposition of the Green river at this location. Based
on a radiocarbon sample obtained in Bio Pr 10 that resulted in an age of 180 ± 40 yr BP,
an inferred deposition rate of 1.7 cm/yr is proposed for the upper 3 m at this location. The
similarities in deposition rates inferred from radiocarbon ages within the upper ~3m of
the LHA unit at the two study sites (PCC and UGRBP) support the assertion that these
deposits are historical, post-settlement features related to landscape disturbance occurring
within the period since (approximately) calendar years -1750-1810.
Figure 5.1 Three different alluvial units that were characterized at PCC study site.
Dissected quaternary Terraces 164-189 m elevation (DQT), Early Holocene alluvium (EHA).
158- 161 m elevation, Lower Holocene Alluvium (LHA) 154-156 m elevation. View is from the
highest elevation of the valley eastward towards the Green River
The EHA surface at 137.5-145 m is probably an older surface than the LHA; though
recent deposition on this surface by large floods has certainly occurred. The EHA surface
is thus an inactive flood plain that can be flooded by occasional high flows (Figure 5.2).
This surface is bounded by dissected terrace deposits present on the insides of the river
bends. Miotke and Palmer (1972) defined terrace levels near Mammoth Cave at 138-
143.2 m as Wisconsinian in age (50-12 ka). In addition. Ray (1996) stated a broad
geochronological range of deposition for terraces formed below 165m interval to be late
Pleistocene to Holocene. Therefore, a correlation of the EHA surface described at the
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UGRBP with Late Pleistocene to Holocene terraces described by Miotke and Palmer
(1972) is proposed.
At the Johnston property, bedrock topography suggested by the KGS borings
indicates that the LHA depositional unit is associated with period of accelerated river
incision during the late Pleistocene or Holocene. Estimated elevation of the bedrock-
alluvium contact at Bio Pr 11-2 on the distal margin (relative to the river) of the EHA
surface is 138.4 m (Figure 5.3) whereas boring at Bio Pr 10-2 hit bedrock at 125.1 m,
implying steepening of the bedrock surface gradient between Bio Pr 10-3 and 10-2
(Figure 5.3). This abrupt steepening of the underlying bedrock surface suggests a period
of accelerated river incision or, possibly, a decrease in the rate of lateral river erosion
relative to vertical incision.. Moreover, the step-like configuration of the alluvium on the
EHA-LHA boundary at this location strongly suggests a similar step in the underlying
bedrock, supporting the inference of renewed incision following a period of more gradual
river downcutting. The conclusion that the low elevation, narrow LHA-type floodplain
surface found widely along the upper Green River represents a distinct geomorphic and
alluvial unit related to recent river incision is a significant new finding for understanding
the geomorphology of the river valley.
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Figure 5.2 Early Holocene alluvium surface (140- 143 m elevation) at the
Johnston Property (UGRBP study site). This terrace is inferred to be of Late
Pleistocene to Holocene age.
Longitudinal Profile at Johnston Property UGRBP
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Figure 5.3 Surface and bedrock elevation profiles at the UGRBP site (Johnston Property), based on
data from KGS-Giddings probe borings. Steeper bedrock gradient between Bio Pr 10-2 and 10-3
suggests accelerated river incision is responsible for the formation of the distinct late Holocene
alluvium unit adjacent to the river channel.
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5.2.3 Geochronology and Formation of Islands
Island deposits distinguished in this thesis project were possibly formed by lateral
accretion of the Green River. The islands are 'long term' products of fluvial systems (102
to 103 yrs) (Miall, 1996). Sedimentology of the island deposits characterized in this
research study differs from the active UGR flood plain deposition. They are mainly
composed of sand deposits, in some cases with parallel lamination or stratification.
Deposits associated with the second island at UGRBP site have moderate silt and clay
content (< 30%) compared with those deposits characterized in the UGRBP flood plain
(with average 70 % average). The architectonic element identified as lateral accretion
deposits (LA) of Miall (1996) can be associated with deposits encountered in all of the
islands examined in this work. Well sorted sands with sedimentary structures such as
planar lamination, are characteristic of this type of deposition. Islands on the Green River
are formed on the inside of meander bends, commonly, where lateral accretion takes
place (Jackson 1976, Miall 1996). The radiocarbon age (2300 ± 40 yrs BP) obtained from
the basal leaf layer (Bio Pr 13 A) suggests long term (103 years) stability for that
particular layer, but not necessarily for the island itself. This may reflect the phenomenon
described by Fraser (1986) whereby mid-channel islands in the Ohio River were formed
during the Pleistocene and now persist as remnant deposits and strata incorporated into
the modern river morphology. However, their origin is not associated with the current
fluvial style of the Ohio River (Fraser, 1986).
The leaf layer encountered on the second island in the current research study
could be interpreted as representing an accumulation period caused by low conditions at
that time (2300 ± 40 yrs BP). Another interpretation of this leaves layer as representing a
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lacustrine depositional environment is possible. However, more geochronological and
geomorphic evidence supporting this idea is required. The island leaf layer is at a similar
elevation (134 m) as the radiocarbon sample (Bio Pr IOC at 133.5 m) from the LHA
surface just 1 km upstream on the Johnston property that was dated as 180 ± 40 yr. BP
Following the ideas of Fraser (1986), strata associated with this island could be
associated with much older remnants of resistant deposits incorporated to the modern
fluvial system rather than product of it. The radiocarbon age calculated for the Second
Island leaf layer constitutes significant new data for refining the chronology of the Upper
Green River.
5.3 Conclusions
River terraces flanking major alluvial valleys evidence not only the adjustment of
longitudinal profiles to tectonic and climate change (Miall 1996) but also to geomorphic
change. The alluvial units proposed in this research study and their associated terraces
exemplify the interplay of these changes for the Upper Green River during the
Quaternary. Climatic effects appear to be the major factor driving the terrace formation in
the valley during the Pleistocene and the Early Holocene. Human disturbance and lateral
migration of the Green River seem be primary influences on aggradation patterns for the
most recent period of the Holocene. Several dissected terraces that compose the highest
alluvial unit characterized on this work (DQT) probably formed as the river incised its
valley during the Pleistocene. Occurrence of a river incision period during the Holocene
followed by aggradation stages is reflected in the geomorphic configuration of the valley
bottom alluvial units EHA and LHA. The absence of evidence of paleosols in the upper
10 m suggests rapid and continuous accumulation of sediment and the lack of stable
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conditions for soil development. This alluvial chronology of the Upper Green River
complements previous work on the Quaternary environmental and geomorphic evolution
of this region and it contributes new sedimentological information that is useful in the
context of understanding present-day river morphology and dynamics.
Overbank sedimentation rates of 1.7 cm/yr to 2.2 cm/yr are hypothesized for the
upper 2 to 3 meters of the most recent deposits (dating to ~ 1770-1810 A.D) on the LHA
unit at both the UGRBP and PCC study sites. These dates and the resulting estimates of
sedimentation rate are consistent with sedimentation rates (0.3 cm/yr to 5cm/yr) in the
upper Mississippi Valley attributed to anthropogenic activity (Knox 1987). Similar rates
of deposition (1.6 cm per year) for natural levees on the Lower Ohio River were reported
for the Late Holocene by Alexander and Prior (1971).
5.4 Future Research
To better calibrate the record of depositional history and other features of the
alluvium of the upper Green River Green, it is necessary to implement other
geochronological approaches. For example, cosmogenic dating of valley deposits (quartz
gravels) to obtain precise age estimates of the paleoterraces would be a valuable addition.
Also, dendrochronologic dating could be applied on the lower LHA and EHA units to
develop a more complete geochronology of these alluvial surfaces. Quaternary mapping
in the vicinity of the Upper/Lower Green River Basin boundary is also necessary to
corroborate possible lacustrine environments of deposition for the upper part of the Green
River. Furthermore, it may be useful to complete electrical resistivity surveys of
variations in depth to bedrock beneath alluvial deposits to determine the configuration of
bedrock topography and the thickness of alluvial valley fill. Palynological studies would
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help to better understand the incidence of climate and vegetation shifts in the study area
and the response of the fluvial system to climatic forcing during the Quaternary. These
types of geochronological efforts, in combination with additional sampling and analysis
of Upper Green River Quaternary deposits are required in order to gain knowledge about
the regional patterns of erosion and sedimentation that operate in the interior of low
plateau terrains.
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APPENDIX II
Summary of statistical analysis
Formulas for calculating grain size statistical parameters by graphical methods:
Graphic Mean: Mz = O16 + <E>50 + <D84
3
Inclusive graphic standard deviation: c\ = <S>^ - O|6 + Q95 - ®5
4 6.6
Inclusive Graphic Skewness: SKt = (Os4 + Pis - 2O^n) + (Og^  + Os - 20^)
2(®95 - '
Graphic Kurtosis: KG = $95 - O5
2.44(O75 - O25)
Standard deviation range:
<0.35 O very well sorted
0.35-0.50 O well sorted
0.50-0.71 d> moderately well sorted
0.71-1.00 0 moderately sorted
1.00 - 2.00 O poorly sorted
2.00 - 4.00 O very poorly sorted
>4.00 O extremely poorly sorted
Skewness:
>+ 0.30 strongly fine skewed
+0.30 to+ 0.10 fine skewed
+0.10 to -0.10 near symmetrical
-0.10 to-0.30 coarse skewed
< 0.30 strongly coarse skewed
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Sample ID
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2.3
4.9
10.5
3.8
9.3
11.5
Total m (mean)
mm
0.05
0.02
0.02
0.03
0.01
0.02
0.02
0.02
0.03
0.03
0.05
0.05
0.02
0.04
0.03
0.02
0.09
0.03
0.03
0.01
0.02
0.02
0.01
0.02
0.03
0.02
0.03
0.05
0.03
0.04
0.03
0.02
0.03
0.02
0.02
0.04
0.05
0.07
0.04
0.03
0.12
0.10
0.02
0.03
0.08
0.07
Total m (mean)<t>
4.43
5.14
5.6
5.6
6.6
5.48
5.65
5.51
5.3
4.97
4.22
4.31
5.71
4.82
5.17
5.56
3.52
5.21
5.3
6.5
6
5.91
6.08
5.64
5.26
5.34
5.30
4.34
4.86
4.48
5.27
5.38
5.29
5.62
5.99
4.56
4.41
3.85
4.61
5.16
3.05
3.33
5.36
5.19
3.58
3.75
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Sample ID
Bio PR 12A
Bio PR 12B
Bio PR 13A
Bio PR 13B
Pit5A
Pit 5B
Pit 5C
Pit5D
Pit6A
Pit6B
Pit6C
Pit6D
Pit6E
Pit7A
Pit 7B
Pit7C
Pit7D
Pit8A
Pit8B
Pit9A
Pit 9B
Pit9C
Pit 10A
Pit 10B
Pitman site 1
Pitman site 2
Pitman site 3
Pitman site 4
Penitentiary Bend 1A
Penitentiary Bend 1B
Penitentiary Bend 1C
Penitentiary Bend 1D
Elevation/Depth
(meters)
134 elevation
134 elevation
142 elevation
142 elevation
1.58
2.04
2.16
3.60
0.91
1.49
2.74
3.17
3.96
0.76
1.52
2.59
3.96
0.30
1.74
0.43
0.98
1.89
0.43
0.79
2.19
3.81
3.93
4.05
176 elevation
176 elevation
176 elevation
176 elevation
Total m (mean)
mm
7.67
0.04
0.13
0.07
0.04
0.07
0.03
0.16
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.22
0.09
0.07
0.02
0.03
0.07
0.32
0.08
0.13
0.39
0.24
0.03
0.03
0.04
0.01
Total m (mean)O
-2.94
4.53
2.94
3.83
4.5
3.89
4.85
2.63
5.88
5.59
5.81
5.72
5.74
6.05
5.49
5.43
5.8
2.16
3.51
3.88
5.86
5.04
3.83
1.64
3.71
2.91
1.37
2.08
4.86
5.12
4.68
6.06
AII.l Summary of mean size in mm andO through depth for all of the sediment samples,
of the surveyed sites.
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Sample ID
Bio PR 1A
Bio PR 1B
Bio PR 1C
Bio PR 2A
Bio PR 2B
Bio PR 2C
Bio PR 2D
Bio PR 3A
Bio PR 3B
Bio PR 3C
Bio PR 3D
Bio PR 3E
Bio PR 4A
BioPR4B
Bio PR 4C
Bio PR 4D
Bio PR 4E
Bio PR 4F
Bio PR 5A
Bio PR 5B
Bio PR 5C
Bio PR 5D
Bio PR 5E
Bio PR 5F
Bio PR 6A
Bio PR 6B
Bio PR 6C
Bio PR 6D
Bio PR 6E
Bio PR 6F
Bio PR 7A
Bio PR 7B
Bio PR 7C
Bio PR 7D
Bio PR 7E
Bio PR 8A
Bio PR 8B
Bio PR 8C
Bio PR 9A
Bio PR 9B
Bio PR 10A
Bio PR 10B
Bio PR 10C
BioPRUA
Bio PR 11B
Bio PR 11C
Elevation/Depth
(meters)
4.9
9
12.6
4.9
9
12.6
13.3
2.2
4.9
9
12.6
15
2.2
4.6
6.6
9
9.9
13
2.4
4.9
9
12.6
15.3
16.8
1.9
4.3
8.1
10.4
15.1
16
2.4
4.9
9
12.6
15.3
1.6
4
5
1.1
5.7
2.3
4.9
10.5
3.8
9.3
11.5
md
(median)
4.25
5.39
5.33
5.6
6.73
6.3
5.97
6.24
6.34
6.46
5.02
5.01
6.57
5.98
6.19
5.98
3.35
5.73
5.32
6.77
5.84
5.86
5.65
5.18
5.05
5.83
6.07
3.63
4.11
3.51
5.01
5.27
5.23
5.4
5.83
4.46
4.51
2.83
3.92
5.6
2.62
2.82
4.98
5.61
2.59
2.63
mode
35
6
5
6
6
7
6
6
6
5.5
5
5
6.5
6
6
6
-4
7
6
7
7
7
7
7
7
6
6
3
3.5
3.5
6
6.5
7
7
7
7
6
2
3
6.5
2
3
6
6
2.5
2.5
Standard deviation a
2.57 (very poorly sorted)
2.49 (very poorly sorted)
2.34 (very poorly sorted)
2.91 (very poorly sorted)
2.33 (very poorly sorted)
2.56 (very poorly sorted)
2.84 (very poorly sorted)
2.72 (very poorly sorted)
3.15 (very poorly sorted)
2.78 (very poorly sorted)
2.93 (very poorly sorted)
2.76 (very poorly sorted)
3.23 (very poorly sorted)
2.99 (very poorly sorted
3.16 (very poorly sorted)
3.04 (very poorly sorted)
4.04 (extremely poorly
sorted)
3.05 (very poorly sorted)
2.66 (very poorly sorted)
2.30 (very poorly sorted)
2.42 (very poorly sorted)
2.79 (very poorly sorted)
2.60 (very poorly sorted)
2.50 (very poorly sorted)
2.54 (very poorly sorted)
2.73 (very poorly sorted)
2.77 (very poorly sorted)
2.53 (very poorly sorted)
2.77 (very poorly sorted)
2.32 (very poorly sorted)
3.24 (very poorly sorted)
3.05 (very poorly sorted)
2.93 (very poorly sorted)
2.85 (very poorly sorted)
2.79 (very poorly sorted)
3.44 (very poorly sorted)
3.27 (very poorly sorted)
3.01 (very poorly sorted)
2.76 (very poorly sorted)
3.23 (very poorly sorted)
2.19 (very poorly sorted)
2.19 (very poorly sorted)
2.70 (very poorly sorted)
2.64 (very poorly sorted)
2.46 (very poorly sorted)
2.45 (very poorly sorted)
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Sample ID
Bio PR 12A
Bio PR 12B
Bio PR 13A
Bio PR 13B
Pit5A
Pit 5B
Pit5C
Pit5D
Pit6A
Pit6B
Pit6C
Pit6D
Pit6E
Pit7A
Pit 7B
Pit7C
Pit7D
Pit 8A
Pit 8B
Pit9A
Pit9B
Pit9C
Pit 10A
Pit 10B
Pitman site 1
Pitman site 2
Pitman site 3
Pitman site 4
Penitentiary Bend
1A
Penitentiary Bend
1B
Penitentiary Bend
1C
Penitentiary Bend
1D
Elevation/Depth
(meters)
134 elevation
134 elevation
142 elevation
142elevation
1.58
2.04
2.16
3.60
0.91
1.49
2.74
3.17
3.96
0.76
1.52
2.59
3.96
0.30
1.74
0.43
0.98
1.89
0.43
0.79
2.19
3.81
3.93
4.05
176 elevation
176 elevation
176 elevation
176 elevation
md
(median)
-4.47
3.95
2.33
3.01
5.23
5.24
5.59
5.12
6.2
5.49
5.76
5.45
5.9
6.02
5.56
5.62
5.67
4.06
2.47
3.92
5.7
5.11
2.27
2.23
2.72
2.38
1.66
1.8
5.19
5.63
4.23
6.03
mode
-5
3
2.5
3
6
6
6
6
7
7
7
7
7
7
6.5
6.5
6.5
-4
3.5
3.5
7
6.5
6.5
1.5
2.5
2.5
2
2
6
6
6
6
Standard deviation o
2.85 (very poorly sorted)
3.13 (very poorly sorted)
1.64 (poorly sorted)
2.29 (very poorly sorted)
3.38 (very poorly sorted)
4.10 (extremely poorly
sorted)
3.22 (very poorly sorted)
5.42 (extremely poorly
sorted)
2.90 (very poorly sorted)
2.64 (very poorly sorted)
2.40 (very poorly sorted)
2.36 (very poorly sorted)
2.10 (very poorly sorted)
2.45 (very poorly sorted)
2.39 (very poorly sorted)
2.46 (very poorly sorted)
2.27 (very poorly sorted)
5.09 (extremely poorly
sorted)
3.72 (very poorly sorted)
2.76 (very poorly sorted)
3.23 (very poorly sorted)
2.68 (very poorly sorted)
2.19 (very poorly sorted)
2.19 (very poorly sorted)
1.89 (poorly sorted)
0.90 (moderately sorted)
2.31 (very poorly sorted)
1.62 (poorly sorted)
3.63 (very poorly sorted)
2.41 (very poorly sorted)
2.50 (very poorly sorted)
2.34 (very poorly sorted)
AII.2 Summary of central tendency measures (median and
deviation o) for all of the sediment samples of the surveyed
mode) and dispersion measures (standard
sites.
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Sample ID
Bio PR 1A
Bio PR 1B
Bio PR 1C
Bio PR 2A
Bio PR 2B
Bio PR 2C
Bio PR 2D
Bio PR 3A
Bio PR 3B
Bio PR 3C
Bio PR 3D
Bio PR 3E
Bio PR 4A
Bio PR 4B
Bio PR 4C
Bio PR 4D
Bio PR 4E
Bio PR 4F
Bio PR 5A
Bio PR 5B
Bio PR 5C
Bio PR 5D
Bio PR 5E
Bio PR 5F
Bio PR 6A
Bio PR 6B
Bio PR 6C
Bio PR 6D
Bio PR 6E
Bio PR 6F
Bio PR 7A
Bio PR 7B
Bio PR 7C
Bio PR 7D
Bio PR 7E
Bio PR 8A
Bio PR 8B
Bio PR 8C
Bio PR 9A
Bio PR 9B
Bio PR 10A
Bio PR 10B
Bio PR 10C
Bio PR 11A
Bio PR 11B
Bio PR 11C
Elevation/Depth
(meters)
4.9
9
12.6
4.9
9
12.6
13.3
2.2
4.9
9
12.6
15
2.2
4.6
6.6
9
9.9
13
2.4
4.9
9
12.6
15.3
16.8
1.9
4.3
8.1
10.4
15.1
16
2.4
4.9
9
12.6
15.3
1.6
4
5
1.1
5.7
2.3
4.9
10.5
3.8
9.3
11.5
Sk
(Skewness)
0.55
0.32
0.42
0.08
0
0.02
0.01
-0.19
-0.19
-0.14
0.24
0.27
-0.04
-0.02
0.01
-0.15
-0.07
-0.15
0.15
-0.17
0.05
-0.06
-0.05
0.17
0.12
-0.06
0
0.61
0.48
0.7
0.07
0.15
0.13
0.06
0.01
0.06
0.08
0.47
0.34
-0.06
0.66
0.7
0.15
0.09
0.65
0.67
K (Kurtosis)
0.92 (mesokurtic)
0.63 (very platykurtic)
0.61 (very platykurtic)
0.58 (very platykurtic)
0.68 (platykurtic)
0.80 (platykurtic)
0.67 (platykurtic)
0.71 (platykurtic)
0.61 (very platykurtic)
0.75 (platykurtic)
0.55 (very platykurtic)
0.60 (very platykurtic)
0.67 (platykurtic)
0.66 (very platykurtic)
0.66 (very platykurtic)
0.81 (platykurtic)
1.02 (mesokurtic)
0.72 (platykurtic)
0.68 (platykurtic)
0.85 (platykurtic)
0.74 (platykurtic)
0.79 (platykurtic)
0.78 (platykurtic)
0.68 (platykurtic)
0.74 (platykurtic)
0.78 (platykurtic)
0.79 (platykurtic)
0.72 (platykurtic)
0.67 (very platykurtic)
0.85 (platykurtic)
0.78 (platykurtic)
0.75 (platykurtic)
0.70 (platykurtic)
0.77 (platykurtic)
0.73 (platykurtic)
0.74 (platykurtic)
0.78 (platykurtic)
0.84 (platykurtic)
0.74 (platykurtic)
0.70 (platykurtic)
1.91 (very leptokurtic)
1.19 (leptokurtic)
0.74 (platykurtic)
0.68 (platykurtic)
1.02 (mesokurtic)
0.97 (mesokurtic)
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Sample ID
Bio PR 12A
Bio PR 12B
Bio PR 13A
Bio PR 13B
Pit5A
Pit 5B
Pit 5C
Pit 5D
Pit6A
Pit6B
Pit6C
Pit6D
Pit6E
Pit7A
Pit 7B
Pit7C
Pit7D
Pit8A
Pit 8B
Pit9A
Pit 9B
Pit9C
Pit 10A
Pit 10B
Pitman site 1
Pitman site 2
Pitman site 3
Pitman site 4
Penitentiary Bend
1A
Penitentiary Bend
1B
Penitentiary Bend
1C
Penitentiary Bend
1D
Elevation/Depth
(meters)
134 elevation
134 elevation
142 elevation
142 elevation
1.58
2.04
2.16
3.60
0.91
1.49
2.74
3.17
3.96
0.76
1.52
2.59
3.96
0.30
1.74
0.43
0.98
1.89
0.43
0.79
2.19
3.81
3.93
4.05
176 elevation
176 elevation
176 elevation
176 elevation
Sk
(Skewness)
0.58
0.18
0.62
0.65
-0.02
-0.19
-0.03
-0.36
-0.18
0.02
0.03
0.14
0.22
-0.02
0.12
-0.04
0.1
-0.29
0.2
0.34
-0.06
0.11
0.66
0.7
0.6
0.26
-0.37
-0.19
-0.07
0.25
0.3
0.18
K (Kurtosis)
0.73 (platykurtic)
0.80 (platykurtic)
2.46 (very leptokurtic)
1.00 (mesokurtic)
0.75 (platykurtic)
0.75 (platykurtic)
0.65 (very platykurtic)
0.72 (platykurtic)
1.02 (mesokurtic)
0.76(platykurtic)
0.71 (platykurtic)
0.70 (platykurtic)
0.66 (very platykurtic)
0.81 (platykurtic)
0.70 (platykurtic)
0.75 (platykurtic
0.71 (platykurtic)
0.72 (platykurtic)
0.83 (platykurtic)
0.74 (platykurtic)
0.70 (platykurtic)
0.75 (platykurtic)
1.91 (very leptokurtic
1.19 (leptokurtic
2.59 (very leptokurtic)
1.43 (leptokurtic)
3.26 (extremely
leptokurtic)
2.59 (very leptokurtic)
1.30 (leptokurtic)
0.80 (platykurtic
1.05 (mesokurtic)
0.77 (platykurtic)
AII.3 summary of dispersion measures (skewness and kurtosis) for all of the sediment samples
of the Surveyed sites.
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APPENDIX III:
Stratigraphic Panels
(Full size panels in pocket)
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